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DEFINITE PROJECT REPORT
BENNINGTON RESERVOIR

SECTICN A - PERTINENT DATA

Foilowing is a tabular summary of pertinent data for the construc-
tion of the initial stage of the proposed Bemnington Reservoir, Merri-
mack River Basin, New Hampshire, as outlined in this project reports

1. Project Locatlon . .+ . . . . . Contoocook River; Approximately 1&
miles northeast of Keene, ¥. H.,

and 0.5 mile south of Bemnington,
¥.H.: approximately at river mile
147 above the mouth of the Merrimaeck
River,

2. Reservoir Date

. 128 sq, miles
* % v P S.g
, 186 sg, miles
s v s e s 6.0
60,000 acre-feet

Vet drainage area . 4 + « ¢ o 2 9 ¢ o 4y 3 & o o
Storage capacity, inches on net drainage area .
Gross dralnage area « .« 4+ v + » o 3 4 4 s p e
Storage capacity, inchgs on grcss dralnage area
Storage capacity for flood control . . &« 4 + &
Reservoir area’at elevation of spillway cresti

Wooded laund, containing thin stand of

mixed hardwoods and some soft woods {(26%) . . . . . . G970 acres

Wooded land, containing fair stand of
mixed hard and soft woods, small
amount merchantable {B53%) . ., 4 « o 4 o v s o s+ o« . 2060 acres

Cleared land - building lots, tillage
and pasture (12%) . o v 4 s 4 ¢ 5 s o 4 s s s« + s . HBB acres

"Water area (10%) « 4 v « o o o o v ¢ v 8 o0 v 0 4 390 acres

Total Reservoir Area (100%) 3885 acres
Length of Regervolr . & 4 v 4 + ¢ o 4 & + » v o« 4 ¢ « (.5 miles
MaXimum wave fﬁtCh DI S S S S S S T S S S TS S S 5.5 miles

3. ‘Stream Flow Data

Average yearly f1OW « « v . ¢ v 4 4 4 4 s i 4« 4 300 c.f.s.
Average annual f1lood . . 4 . .« 4 4 4 s s eis . + 3,100 c.f.s,
Flood of § November 1927 (estimated) . ., . . %W . « 5,500 c.f.s.
Flood of 19 March 193 < v 4 + ¢ « « « - + & & . 13,600 c.f.s.
Flood of 21 September 1938 . , 4 4 + 4 4 » ¢ » 15,400 c.f.5.
Spillway design flood at Bemnington . . . + ./, , 64,000 ¢.f.s.
Spillway design flood - inflow to reservoir . . . 77,600 c.f.s.

~-a] -



Dam

.T;Ype.-.v...........

Elevation of Top of Dam , 4 o «. 4+ &
Total Longth of DAl o o o o o « + o
Maximam Height of Earth Embankment
Pop Width of Earth Embankment . , .

' Freeboard > * - L] - LB L ] - » » L
‘Powor Development + v v 4+ 4 ¢ « o

Qutlots

Iocation . v o o o « &
Fumber of gates o . + v &
TyPGOfG‘ateSoot-oo
Size of Gate Openings .
Invert Zlovation of Gates
Timo of emptying (80% of CQpacity)
Downstream Channel Capacity + . , .
Design Discharge with water surface
at spillway crest, Elevation 705:
lG&tc..l.....l...
GGQtOS ..-c-.-oqol

Spillway

Type of Spillway .+ v v ¢ v + o &
Crest Blovation o o v v v ¢ » »
Length o o 0 o0 v ¢ 0 6 0 0 v &
Spillway Design Flood Dischargo .
Haximun Water Surface Flevation ,

L L - L]

. [

- - * & 8

L ] L ] L] . -

Foundations

» 4+ a e,

-

‘v

*
[

- - b U YRR Y -*

r & ®. 8 & =, =

S | Ld [ I L] ..

Hydraulically

* @, % &, % ®

[y

»
* L] L L] L B L] * »
*
*

e & & @

.

‘¢« e s v+ .

L4 [ ] Ld L

H 000 cubic feet per/second

. * & e, &

.. In epillway seqyion

Rolled earth f£i1l
724,00 feet i4.8.L.
;. 3,520 feet -
. - 6h feet
. 2h feet
. T.2 feet
. . Honeo

L T )
-« e L ] -

s

/
4 ® & B s & & b

operated sluice/gates

. oo WloO" x/GY-OF
667.0 feet/¥.3.L.
L] L L3 [ L] 2 qus

920 cubic fest ppr socond
5,920 cubic feot phr second

L T ]

Concrete gravity gee'

716.8 Foet i.S.L

Dam, General o+ 4 « o 4 » « « o The Dam is founded:r on imporvious
: glacial till cxcept a portion of
the west embankment from Statlion

g 4 15 to the cnd at Station 36

# 90, which is founded on silty
sand,

Hon~overflow Soctions v e e
Spillwasr [ . * a * & .9 8 = € =
5tilling Basin Bctaining Walls . .

Quantitioa

Embankmont:
ImpGrVious Fill o s v o6 o W . .

o

..

.

*

*

Impervious glacial till
Imporvious glacial till
Impervious glacial $ill

.

148,000 cubic yards



8, Quantities (Cent'd.)

PQr'Vious Fill € 2. ¢ B &+ &
Rand.om Fill . . “ % @ . .
Somicompacted Fill , . .,
Speciel and Processod Materlia
Rock Slope Protection ., . .

200,000 cubic yards
195,000 cubic yards
177,500 cubic yards
104,500 cubic yards

90,500 cubic yards

» e ® &+
-+ » ;
s a2 s &
- & ® s+ @
- » » . -
* - L 3 * o

] e o -

Totol Embankmont o o o « o o » o o s o o s o 935,500 cubic yards

_Excavation L L T T T S T T Y B S 65””000 gubic ya'rd's
Conerote:.

X Spillwny . 8 s e & = 23,800 CUbiC yar&s

O N I I I I
Non-ovorflow Soctions . « « « « « o « « » 12,600 cubic yards
S56111in8 B2SI0 4 4 o 2 4 o 4 o s o s o .« s 5,600 cubic yards
Stilling Basin Walls . . ¢ ¢ v « « o o = &

7,800 cubic vards
Total Goncrete b e e e 4 e e s e s e e e 52)800 cubic y&I‘dS

9. Estimated Cost

RO SGI‘VOi r Gleﬂring ¢ 8 2 8, b & bt s & e s b LI $ ).I, 1 000
ReSOI'VOiI‘ GOStS L R T T e O LA e 1!"["82}000
consﬁrUCtion cOStS + o v @ . ® - . » . ® @ LI . 2,51“)000

Total .Quqoocc-o.t-oos.o-o.co.onw$ ]-L,OO0,000
$ 66.67

-

Cost per Acro Foot of Total Storage ... o o .. . .

..33...
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DIPIFITE PROSECT REECRT
RELMINGTON RESERVOIR

SECTION B = SYLLABUS

The Bennington Reservoir wag approved by the Chief of Engineers
on 10 December 1943 and is a part of the comprehensive plan for flood
control of the Merrimack River Basin as authorized by the Flood Con-
trol Act approved 22 June 1936 and amended by the Flood Gontrol Act
approved 28 June 1938,

In the pr0posed initial flood control development of the Benning-
tor site the dam consists of a concrete gpillway, concreie non-over-
flow sections, and earth filled embankment sections, The concrete
spillway is a wide-‘tese gravity type ogee section with a crest length
of 300 feet and a height of Y9 feet from the stilling basin floor to
the crest, BSix gated outlets, each 4'-0" x 6'-0%, with operating
chambers reached by means of a passageway, are located in the spillway
section for the regulation of water flow. The concrete non-overflow
sections are adjJacent to the spillway and consist of gravity sections
97'-6" long which connect with the earth embankment, The embankment
section has o length of 3,220 feet and 2 maximum height of 64 feet.

It 1s constructed of rolled earth fill with a central impervious core
and is protected by an upstream rock blanket and. dounstream rock-
filled drainage toe, All masonry structires and the impervious core

of the. embankment extend to or into the impervious glacial till founda-
tion except a portion of the core of the west abutment which is founded
on sildy sand.. A series of wells arno arovided on tho downstroam

side of the embankment within this area to relieve the hydraostatic
head, The stilling basin is composed of a concrete mat with reinforced
concrete baffles, end sill and concrete gravity-type guide walls, In
view of the favorable results of an analysis of thig project for future
conservation storage in addition to fleod control storage, provision
has been made in the initial design for an ultimate addition of 7 feet
to the apillway and 6 feet to.the embankment, The estimated cost for
construction of the dam over a period of two years is $ﬁ 000,000, which
includes the reserwvoir and construction costs. TLochl financisl co- opera—
tion is hot required for this .project, '~ Authorization for prepara~
tion of this project report is contained in letter from the Chief of
Bngineers, Washington, D.0,, to the Division Engineer, New England

- Division, dated 18 December 1943, subject: "Definite Project Reports

for Bennington and Beards Brook ReserVolrs T OCE Tile ¥o. CE 821,.2
(Hopkinton-Bverctt Dam).

Dl
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. War Department
United States Engineer 0ffice
BostOn, Massachusetts

MERPIMAGK RIVER BASIN FLOOD GONTBOL PROJECT |
D?FTNITE PROJECT REPORT
~ BENNINGTON - EESERVOIX
GONTOOCOOK RIVER, N, H. :

QEGTION C .. TEXT OF REPORT
April . 1545

1, Project.Authorization.w*The Bennihgton“ResarVOir for flood
contrel protection in. the Contoocook River Basin, New Hempshire, ag
described herein, 1s praposed as an element pf the comprehensive plan
for flood control reservoirs and. related flood control work for the
Merrimack River Basin authorized by the following portions of the
Flood Control Acts of 1936 and 1938,

a, Fiood Gontrol Act, approved 22 Jupe 1936 (Public ~ Yo,
738 - Thth | Gongress): IR

~ MFLOOD comaox, Aot OF 1936

"Sec. 5. That pursuant te the policy eutlined in
sections 1 and 3, the followinz works of improvements, for
"the benefit of navigation and the control of destructive
fleood waters and other purposes, are hersby adopted and
‘authorized to be prosecuted, in order of their emergency as
. may be designated by the President, under the direction of
the Secretary af War and supervision of the Chief of Engineers
-in accordance with the plans in the respective reports and
rocords hereinafter deslgnated: Provided, That penstocks or
other similar facilities, adapted to possihle future use in
the development of adequate electric power may be lnstalled
in any dam hbrein authorized when approved by the Secretary
of -War upon the recommendation of the Chief of Engineers

#**********************#*******************m*

“MERRIMACK RIVER, .NEV HAMPSHIRE AND MAGSACHUSETTS

"Construction of a- System of flood~contrel reservoirs in the
‘Merrimeck ‘River Basin fer the reduction of flood heights in the Merri-
mack Valley generally‘ ‘estimated construction cost, $7 725,000; estimated
, tost of 1ands and. damages, $3 500,000, ,



) Y, Flood Control Aet,. appro*ed 28 June 193& {Publio
N&, 781 ~ 7Bth bongrssa .

 P"gee, 4. : &
provement for the"beneflt-cf nav1gat10L and ~he
control of deshructive floodwaters and other pur-
poses are’ heré%y adcpted and adthorized bo be
proaaouted underuthe dlreqtlon of the Secratary of

0lectrlc power shall e 1nstalled in any dar nere-
in authorized when approved by the Secretary of

H,War upon Ehe recommendatlon of ‘tHeChisf, Of et e
‘j-ﬂEngsneerq and 1? the Federal Pcwer Gommlqwzons-¢-3¢-;‘73ﬁ,ﬁ

trol ani other purposas}‘as approved bybthe Chiéf
. ool Eng;nemre pursuant to preliminary, e;amanatlons
and surveys authorized” by the Act 3f June 22,1856,
is approved and the project for flood Bonkrol in SR
the Merrimack River Ba31n,.as suthorized by the.
1‘Zlood Gortrol Act approved June” 22, l936 is modi-

: The Beunlngton Res~rvb1r -s not 1ncluaad in thn or1a1n-
al, comprehenSIJe (1an of* eservo rs and relateﬁ ficod control’
works but as_a_r#sult o’ exten51ve investlghtlonu by and in

mnglneers for Rlver'

jeat: "Réservoir Plmhs for ‘the’ Contoocmok Basin, Nsw*Hampshlre
. File No. 7402 (Mérrimack River-Hopkinton-Everett Res., 41, and
was substituted togetner wi “th Beards Brﬁok Resurvo:r for the

quklnton—Everett Rese1v01r., S

»

The Bennlngton Dam is located on th: "Contoonook Rlver 1/2
male]»outh of the+village of Bennington, N.H, . The: dam,:onsists
‘of a gravity oges type. cencrete' varflcw sp;liway saftlon w1th

centrally located outlets .and .a concrete non—overflow sectis
adjoining each sidé of the apillway. The* non-6verflow. sectinns
~then extend into rolled earth embalkmer® sections whith'form the
e ﬁaJor portion of the dam, The initial dam has a total crest
t 1%th of 3,620 ft,and will be founded on an impervious placial
i

20 construct the ruserVUmv initially for flood sontrol onlv and

excep% under a portlon of the westerly abutment, I% lis proposed



provitisns have been made in the design of the initial stage to enable
raising the embankment 6 ft, and the spillway 7 £%,, in the future, to
provide for conservation storage Ain. addition to flood centrol storage

FPinancial 1oca1 cooperat1on is nob required for this WQTk

2, Investigatione - B Scope of- Invegtig_ﬁions and Studics.— In-
vestigations and studles have been:.made of all factors affecting the
sonstruction of the Bennington Reservoir..  Date have been compiled,
studled and analyzed:en climatical, hydrological, and geological con-
ditions, flood heights, frequencies and losses, ‘power possibllities,
economics of construction, and .benefits to be' derived frem the con-
struction of the project, Détailed descriptions of the investigations
and analytical studies are contained in bther ections of this roport

b. Provious Investigation of Contoochok River Easin - A com-
prehensive system of . flood control reservoirs aﬂ@ related floed control
works in the Merrimack River Easin was. authorized by the Flood Control
Act of 28 June 1938 (Publiec Yo, 761 - 75th Congreés 3rd Session) and
funds wetre appropriated for the work, This authoﬁization for & compre~
hensive system was based on a report and recommendations mage by The
District Engineer which were submitted to Congress and published as
House Document No, 689, 5th Congress, 3rd Session., Ih the preparatisn
of this report preliminary. studies of the 3ennington site were made and
the site listed as a possible location for a regervolr, although dus to
loecal oppcsition at that time, conetrdction "w8s not recommendéd, For
control of -the Contoocook River this report placed emphasis en the
Riverhill site, in the westerly part of Concord, Due to local opposition
that developed,this site was abandoned and projects for ths construction
of the West Pcterboro, Mountsain Brook and Hopkinton—Everett Regserveolrs
substituted, -

.

Various. reports were submitted en the altove three reservoirs, in-
cluding a definite project report on the Hopkinton-Everett preject which
was approved by the Chief of Engineers on 12 March 1940 File (E.D, T7U02)
(Merrimack River, Hopkinton-Everett Reservoir)-8, subject to minor modi-
tications, DuFing the esarly period of planning on this project the
mabter was referred to the Federal Power Commission for comment and
recomrendation, ' The Commission earried on extensive investigations of the
possible oyerall development of the Contoocook River Basin, for which
investigations the District Engineer obtained and furnished the basic
deta, The report and recommendations of the Commission were presented
at the time the hearings-were being held witn‘reﬂerenoe tp the re—
quest by the War Department for approval by the State of New Hampshire
of the acquisition of land for the Hopkinton-Everett project, The Com-
missiocn's report included proposals for the construction of a series
of reservoirs including one at Bonnington as an alternate for the
Hepkinton-Everatt preject, :

R .
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There then. followed a Qerzes of studies made by the th

'Departmsnt aid the Fﬂderal Pgwer Cohmi531on but SATNGDE e T .

agreement as to the best means 5f development could be reached -
‘the matter was referred to-the Board of Engineers-for Riwvers.
~ and Harbors for recommendatlon, by letter from the Chief of
Engineers dated € Depémber: 194) subjectis Reservoir.Plans for ..
“the ContOocook Basin, New Hampshmre File 7402, (Merrzmack ' '

methods. From ﬁhe G us obtained ¢hpac Were again -
computed, wi th zesults_ahow1ng velyrios. considerable in excess
of ‘those prevlously used, A tabulatea comparlson of certaln B
eserv01r capacitles used‘1»“g1ven bwlow: R I SO

1*5Pool;Elevatlonf

om;Aerial

“Survey: ‘Used™

Cin-Definite
PrOJect Re-’“

700 30,000 e 41 000:

Y S S ¢4 000 : 60 000

e TR0 “‘”:66’000 D v, 12-180,000:
1'712¢;Lj-'““'*' 16&;@90 90,00Q._M,Wm,_

© e’ kotal. capaclty bf._o 000 Bovesfest: given iy th_,gable?
on page 12 of the 9th Indorsement rbferred to in subparagraph. .
bq_above oontemplated & pool elevatlon of 710, In accordanoe

capacity7f:'.

k T L
JThd:f 3 ] !

at elevaﬁnon 705 13 slmght
- the Board of Englneers.

' Economic studles “of “phe possibllzty of uti L 1ng part of

the storage at Bennington for conservationipurpesss have ‘heen. madq.
Thess 1nﬁvoate Lhat sueh storage can. ba economicﬂlly provided¢~ '

A

o

)
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Because of the heterogeneous foundatlon condit1ons and depth to
bedrock existing throughout the entire area of the proposed dan site,
numerous locations and arrangements of structures have been studied,
Considerable foundation exploration wogk has been accomplished within
the reach extending from the existing lMonadnock Power -Dam to approxi-
mately 1200 feet upstream from the Powder Mill Pam. .The general plan
of the dam proposed in this report 1s seloqte& the most feasible
and econcmical 1ayout with both the initiaL an¢ (ltimate developments
In view, = , . i

d. Status of Apnroval by State of New ﬁ ampshire.~ By letter
dated 15 February 1945 to the Honoxable Charles M, @ale, Governor of
the State of New Hampshire, approval by the State oﬁ the acquisition
of lahd for the-Bennington Reservoir was requested, @t the .present
time no action has been taken on this request.‘-j L

3. Logal - Gooperation. Local financial coOperatyon ig not re~
wired as Seetion 2 .of the Flood Control Act approved o% June 1938
Public Wo. 761 - 75tb Congress, 3rd Session) aprlies to this project,

Y, Deflnito Progect Plan.~ a. Genoral.~ The Bennington Dam is

_one of several Toservoirs compris1ng the comprehensive: plan for flood

control-reservoirs and rolated flood control work for tho Merrimack

River Bgsin, -As noted in paragraph 1, the Bennington Reservoir was nod

included in the original comprehensive plan of reservolrs, but together
with the Beards Brook Reservoir was substituteéd for the Hopkinton—
Everett Reaervolr ‘for controel of the head’waters of the Contoocook River,

b. bocaﬁion.~ Tho proposed reservoir is 1ocated on the Con-
‘toocook River, N,2,, in the Towns of _Bennington, Hancock, Greenficld,
and Poterboro, in tho southwestorn part of the Stato of Now Hampshirc,
The dam is situated approximately onc-half milc upstroam (south) of the
Village of Bennington, and just below a smsll storage rescrvoir of the

Monadnock Paper Company, and above a pond formed by ‘an intake dam owned

by the same company, The storago TesSorvoir- of tho Monadnock Paper
Company just mnentioned 13- oporated for stream. fégulation only, the
intake facilitios for power and procoss water purpescs,arc located at
the intake dam downstream from tho 81to»of tho proposed new dam,

g.. Descript;on of Roservolr Area;g A large part of tho land
within the resgrvoir basin is wooded and covored with a second growth
COMpos odfnainly of wh1t0~pine homlock, white and red maple, groy and
silver bireh, and white and red oak. Scattorod about arc clumps of
whits pine, honlook and spruce of suffieciont size to be morchantable.
Howovor, At is doubtful if thomp is sufficient amount of maturc timber
on eny onc,unit to make commorcinl oporations profitable, It is very

'noticoablo that wlthin fho ﬁhin stands of bireh and the like thore is

L . ) .
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o good undergrowth of young whiteo pinc,  Those treos nppoar
. thrifty and aro naking good growth, - - ¥
The Largost arca of clearcd land is. 31tuat
" son Brook -in tho town of Hancoclky :Noar the. poi;
ontors the Contoocook. Bivor, this. soction iy occupied by'throc
" good agrlcultural unitss Tho largoe, almost. 1ovol ficlds in
this valley, with a soil :-of the Horrimack serics, lond thom-
solves t6 machine operaxion. Tyo - of theso units arc operated
as dalry units. Across the Contoocook Rivor in the town ok
Greonfiold, thore is a poulty farn whlch has housing capacity ‘
-~ for about one’ thousand 1 =B properties mako up
the major parb of ‘tho:ag eultural oner i , eing conu g
ducted within tho aroas uider considerat! el :

At tho poimt whore U,S, Routo Furber: 202 crosses Ferguson
Brook, thore is a small saw nmill, Porguson Brook is the source
" of the power for this mjll and the dam is loeated on tho westor-
" 1y side of Routo Number 202 And just south of itho Tilll,  Thoso

facillties will have to he elimznatod as they;will Do within
" the reservoir aréss - _

In the ultinate GGVGlopmont with tho apillway crost aﬁ
clevation e, an 2dditionsl aren of npproxinatcly 700 o
will be roquired which will affoct’s numbor of,propertios .
situﬂted at the upper, or Potorboro, ond of tho propesed reser-
voir arén. Included in this arca are thirtoon (13) rosidential
properiies consisting of nodorately prlcod homes, garagos and
out~bu11d1ngs. Theso improvemonts are on averageo sise lots
which, a8'a rile, have well kopt lawns with. troee and shrubs’
woll establlshed. Thore are two oil companies. in this same .
- loGplity which arc located on'lots adjacont.$o tho river, posscss=
« -ing the usdal tanks, garagoes and outnbuildings,-tmhere is::also o
new brick biilding in the aren whlch is boing used agia° freoze—

long ?or

. lotker establishnont.

- - d, 9081gn Flood.u (l) Rosorvoir Desian Flood.u Two 1wrgo
floods of record, March 1936 and Scptombor 1938, have occurred

on. the Contoocock River ot the roservoir site,  Tho lqrgcst of
theso floods, Septemboril938, had o ponk dzschnrgo of 154400

cofo8ey cand a 6 day volume of ‘82, 000 acro~focty: - The socond
largest flood, the two peak flood of March 1936, ‘had 2 nexirum

ponk of 13, 600 cifess-and o 13 day volume of 130,000 acro~foot,
These floods woré uscd to -determine tho stéraze cnpwcity under

the assuned cond1t1ons of reserv01r oporatlon.r

. : (2) giLIWQg Design Flood « Tho storn. used Ffor
'sp111Way dgsign. flood. cormprises the maxirmun possible. rainfall

over the 186 squaro niles drainago aroa or 17.2 inches of rainfall
in 18 hours, with 1349 inches oceurring in"6 Hours, ':Run-off was
computod assuning an infiltration rate to be. +05 inches per hour,

anll o base flow of 5 ¢ f,s. per sguarc nile, 3By neans of a synthetic
unit hydrograph (see Plate’ I~12), the ros ulting spiliway dosign flood
was found to have a pook inflow of 77,600 cofsss, and a

-’ 6 Lo




Ry

-a capacity of 50,000 acre feet of flood control stoxage and‘ho O00 acre

“is equivalent té 9 0 inches of run~off on the gross drainage area.

initial construction is given. in.paragraph 14, rﬁrsummary of the estim-

volume of i6é'§00 aere foct. . The resulting spillway outflow was deter
mined to be h5 900 ¢.f.8, at a reservoir stage of 716. 8 foet or 11 S
feet above initial apillway crest

' b

" ;e; ProJect Description.~ Ay’ shown on Plates V-1 fo RALS

‘accompanytng Appendix IV, the- impounding structufe éondists of at’

gravity ogee type coﬁcrete overflow ‘spillway aeqtion with céntrally:
located outlets, a coficrete notimoverflow section’ aajoining each gide"
of the spillway and - extending into the rolled ‘garth; embankment ‘sections
wh1ch form the majo¥ portion of ‘the dam.' The proppsed initlal; dam has’
a total crest length of 3;52& feet and is founded on' jmpervious glacial

$111, except o Pottion oF $he Vokborly srbanknéib, 1t is proposed

to construct the reservoir initially for flood control only. and pro~’
vlsions have been made in ths design of the. 1nit1a1 stage for. - o
raising the embankment 6 feet. and the spillway 7 feet, iIn the future,

to provide for eonscrvation storage in addition to flood ‘dontrol storage.
The reservoir, which controls a gross drainage area of 186 square miles
and net.drainage area ¢Ff 128 sguare miles,- has an area of 3,885 acres

at the elevation of .the’ hpillway erest of the initial installation and

‘an area of U, actes &% the elevation of the spillway creést of the
- ultimate installation. In the initial installation the reservoir has
. & _capacity of 60,000 acre feet which is equivalent to 6.0 inches of

Tun-off in the gross drainage- area, and 1in the, ultimate 1n§tallation

feet of conservation storage, naking a total of=90,000 acre feét which

f. -EBstimated Cost.~ A detaliled estimate of cost for the

ated cost is as follows,

R e b

-~

- Reservoir Oosts C e e i $1 hSE 000 ST
b e . Resorvoir Clearing e e e h 000 T ¢ . ﬁ
; . Gbns%ruction Gosts N ;-;,m - 1u oo ;
F

Total Estimated Cost- . . .' $u 000, 000

g  Method of Operation.n The Bennington Reservoir will be
operated primarily - to regukate: fload .discharges ¢f the Contoocook River
80.as8 to provide maximum benefits at downstrean damaga centers and to
reducé 1 ws,dmwihﬁuzjder jyst:.helow the.dam to amounts equal to or

. less, than channel capaeity; “Purifig’ pefyods-of normal.flow..the reservoir

will be operated o as to provide the.same gtorage -and to discharge
water tp the mills In Bennington at rates equivalent to- thosé that -
existed prior to the conatruction of the dgm. ' : :

: h, Alternat;ve Location. A number of engineering sgtudies
have been madc for various logations within the vicinity of the proposed !

-
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dam gite anq considerable drill hole and seisnic information has been
obfgined. - - -‘afsug,u, cLo ! ' '

A study of the "Record of Fbundation Exploraticn Plans," Platsa
I=Y to: s 31] ggicate;the heterogzenepun foundatisn
; .prop sed aite

o structibn it is proposed to conatruct &P

%o full height the east embankment to El.

plate notad above, and completing the emhankment and”masonry Btructures.

‘Highway . traffic can be maintained during the various atages of construc-
-tion Dby rewrouting untfllsuch'time as the pro

ed‘raiaing of roade

: & oong
with 2, crest langt xgzoo feet at, elay
U9 feet, with provisions mads,. 1.%he in LR
addition of 7 feet to accommodate an. adﬂ nal 30, OQ,
storage, Six Ut.O" x 6i-0" conduits, Inver: féleva,_oh'667

- “hydraulically operated sluice gates are. centrally located in: the spill-
x . way for: eontrol .af diacharge, One emergency gaﬁen__

perated from the

e



exterior operating platform, is provided in the.event of
failure of the hydraulically operated gates, Access is gained
to the gate chambers from the Bquipment House which is lo-
cated on the downstream berm on_the east side of the still-
ing basin, by means of a passageway incorporated into the
_stilling basin gravity wall, then through the spillway section
to the various gate chambers, The passagewsy then continues
_to an adit on the wést side of the spillway providing an
emergoncy exlt and convenient method of actess from one side
of the dam to ‘the other, The épillway is founded entirely on
on an impervious glacial 111 deposit that extends in depth
_ to the underlying rock, The spillway section was deslgned
for the ultimate devolopment and proportioned to obbtain a
minimun factor of safety agalnst slidiig of 1,5 with the maxi-
mum foundation pressures ranging from 3,3 tons per gquare
foot with an empty reservoir to 2,7 ton§ per square foobt with
s full reservoirs A& detalled anslysis of design is discussed
in Appendix IV, In the initial development with the spillway
- erest .at elovation 705, a surcharge of I148 feet will be re-
quirved to pass the spillwey désign flood discharge of 45,900
" cubic feet per second, Similarly, in the Wltimate develop-
ment with the spillway crest at elevation Ti2, a surcharge

of 11,1 feet will be required to pass the spillwdy design
flood discharge of 42,300 cubic feet per'3ecag&; Under con-
ditions of the spillway design flood there will be a froe-
board of 742 feet in the initial development atid 6,9 fedt in
the ultimate development, The maximum flood of irecord
occurred in 1938 with a peak discharge of 15,4007 cubic feet
‘per second, S ‘ St

: "b. Brbankment,- The embankment section ofithe dam
is an earth fill section with a dumped rock blanket on:the
upstream face and downstream toe, and a facing on the down-
stream slope of raked gravel, as indicated in the section on
Plate IV.2, "The impervious core cut-off extends into the
‘glacial t111 foundation with the exception of that portion
" of the embankment between Sta, 28 + 15 and 36 + 90 on the
- westerly side where the overlying pervious materisls are too
thick for the economical construction of a core cut-—off, 4n
inspection trench has been provided and provision is made in
the initial development for the construction of an impervious
blanket tied into the core on theo upstréam side of the dam.
‘The top width of the dam at clevation T2L 18 25 feet with an
~average’ slope of 1 on 2-1/2 on the upstream side and 1 on’
2~1/% on the downstreanm side. The top width and side slopes

“9 -



of the ultimate embankment will\be aimilarg
initial construction -

berm on the ,east abutment is founded on the stilllng baéin
Wall and piers with spread footings. o

of. the dam on-tha'downstream side of” the west abutment. ‘These
- wells were introduced’ to rediice the hydrostatic head in the

P

~ 10 &
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foundatiqn at the downstream toe of the embankment during
flood stage periodS., For the ultinate development, pro-
visions. nlse have been made: few'an impervious blanket ‘on the
. upstrean sidg of tho westerly.section of“the’ embankmeﬁt. For
the, 1nitia1 development an’ 1mgenvious;blanket ig- provided
_‘under the parvious and. random fill ‘Bections on the upstream
‘side of the, gore in thé westeriy‘sedtion of' the: embankmont
and 1s carried 10 feet beyond the toe of the embankment eo
that the ultimate blanket can be added without disturbance

to the ombankment.

6. Foundations,- a. Geologlcal Setting,~ The Contoo-
cook River stream channel of ‘the- pre-glacial period was a
bedrock valley of porphyritic granite, ‘The topography of
the region was modified by glactatjon; forming the present
strean valley .on the east wall of the original valley, Dur-
ing the rocession of the’ glacier, the'northward flow of water
was' ifpedod forming a glacial lake in’ which large quantities
of sand and silt were dep031ted.-

b. Oocurrence and Extent bf Toundat1on Materials.m

Extensive investigations of foundation condition at the site
“have Yeen made by moeans of test pits, borings and scismic ex~
plorationg, and. it has boen fournd that: in' the immediate project
area surface deposits of #ariable grawelly and eilty sands occur
o a depth of. 10't0°15 ‘feot. Under these ‘surfacc’ deposits’ the
‘801l body in“the cast bank is a. compact glacial +ill, éontinuous
- te bedrock, .This 111 extonds under the rivér and tapere out in
~ the west bamk where the $111 is. umﬁerlaln by variable sands and
" s1lt, Bxoept for & smell ares whero $1ll ¢xists as a thin layer
_near the ground.surface the west bank is conmpos ¢d entirely of
., sand and’ silt, Bedrock of porphyritic ‘granite, with .a 'fractured
“an@ ‘weathered capping, Varice An depth below exxsting ground sur-
" faed from approximaxely 50 foet in the east bank to nore than 150
feet in the wGst bank. o .

N
-

| 2y ‘Sugitabilitx of Tosndation 2or Réguirod Structures.-
‘Aal foundatfdn ‘materials have high shear strength and good bearing
capheity. The 111 is relatively inperv1ous ‘and’ the other variable

. deposits range in. rolative Ppormeability from pervious to. semi-inper—

vious materialg, 4 summary of the . foundation investigations and,
analysis is presented in Appendix II ef thia report,r,‘:.

; "7, :Cofsgrvation stor%g“, B Eﬁgg;gg,- Studics. of tho foasi-
-bility of providing storage at the Bennlngton Reservoir for flood
control and fé¥ siream” regulation indicate that such dovelopnent
would be economically justified due to the comparatively cheap
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N




storage obtalnahle@__The qlcvatiog qf bhe SQillway cres; can
Yo ralged saren 69 “Eraom; elevaﬁion" | tor, the flood
contrdl st¥ucture; o olevation 7124 .

'~wh1ch i MG, maximuﬂ feaéible due t6 damages which would be caused
! ;.”'.' v N, H,.. by hlg ba “a total stor-

recommended pro; . N,
proposed is summarized a8 follows. ””_

"'Fiood benﬁrbl Project’w1ﬁh S;ﬂ11Way ﬁTf-+;,T
".Croat’ elevation 05‘ (capacity‘f_‘.;j_}‘
60,000 ‘sdro-feet) including. allow-" "~
T ?$11u,ooo Torimodifying . L .
e 1n1tial rood ‘control. structﬁ 60 s
S permit future ralsing i “ . 84,000,000

Future raising ‘of structures and
.. ... .. Reseryoir with Spillway Oresk.-
R oleVation 712, cmpacivj‘90*000
T acreufeet L $1 551 000

S b, Estukmte of Conts. “ﬂul"'fits,~ Second atage con—
-‘struction, besides raisingrthe dam and. spillway. elevations. would

- involve the: acquiSition of 800.acves. of. additional ReserVOir Aren

‘7 gnd the raising of 145 miles and the, relocating of .3 mjles of high~

WEyS, The estimated coste. of . the project &ppiicable to.the various

storage’ uses and constructlon stages are. tabulated on Platc Vals

) Studies iﬁ Agpendix T show that theiexiating power insta11a~
t;ona pnlphancontgngqk md Merrin 38

_ pacity of 705500 KW
“would Ponefit From the {néreased Tow-water Tlow due to operation
of conservation storage at Bonnington to tho oxtent of G¢8 million
. KME annually, With the reservoir operated. to produce & minimum
-'Wregulated discharge. of not Jess than 300 "¢ .a.;he mean low-water
. flow at Maneliebter would Yo .increased by sbout. 150 cefySyes raising
:",the prime peaking’ capacity of ‘tho dxisting installaﬁions on the
S or: In additio Y smgll plants on

, ; ,‘A@pen&ix V fully
-_Juatify present planning for future sac;“& atage censtruction.

= 38

\ representing 380 feet .
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8,, Relocations.~ a, Railroads,~ A branch line of the Boston and
Maine Railroad® is: new locatad within the régetvoir basin, This line
originatea at Nashua, Naw". Hampshire'-runs northwesterly through the
villages of CGreenfield, Elmwood and Bennington, and extends as far
north as Hillsboro, Néw Hampshire, It is proposed to sliminate this
line from Grsenfield t¢ Benningtor: and: rehabilitate the former 1line
‘between West Henniker and Hillsbore so’ that Bennington can then be
serviced from £3.CE Goncord brarch,. .:8tudles. of the possible- relocation
of ‘the existing 11nb at the dam site have -begnr made. by -both the Boston
and, Maine Railroad and- the U, 8, Engineer'nepartment and such reloca~
tion hasg.-been found to ba 1mpractica1 and costly.;, .

“-bf Highways and Boads¢» Thera is one main highway and some
gecond and third clags roads within. the. limits of the proposed
reservoir that wili require relocation or raising ag shown on Plate
VI»l XA S e : \ : _

. ’_“

IR S Highway'Route No, 202, which 13 a firatnclasa highway.
follaws along “the wésterly side of. the‘river connacting Peterboro
‘and-“Benriington,  and is sudbject to- 1nundation for.a._ total. length of
approximately I milesy: It 1is proposed to.- relocate the affscted
pértiens ¢f the roadwon -high ground to the west of their present

- sites and at an ‘elevation high enough to meat the requiremonta of

the ultimate déeveldpmént,

The secondnclaSS surfaced highway on.the easterly side of the
river passes through the: proposed dam gite, and: it 4is proposed to
‘relocate this“seetion onhigh ground.-easterly. of its. present site,
The access road to the dam will then tie ingo this relocated road
and provide an entrance to the dam site from the larger villages in
the vieinity, . Other sections of this road that will .be inundated
“during flood stages” 1n the initial development will be raised to a
minimum elevatioh of “708,0, and to elevation 715,0. at a time when
the uwltimate development  is: constructed T S

, . In the initial stege, in order to provide 8 conneetion between
Greenfield andt Hancock during perieds of high water other than ex-
treme high flood stages; it is proposed to raise the rToad within the
limits of the reservoir, to elevation 695,0, and to raise the bridge
%o obtain clearance to pass corresponding flood flows, In the ulti-
mate stage, it'is propesea to relocate this road on the higher ground
Just downsﬁream from ita present location and construect a new bridge,

¢. Other FacilitibSJH There are no cemeteries or major
pipe 1ines within the reserveir. ‘ares, - There is a trunk telephone
line in the area that will require relocation, and other communica~-
tions 1linés aud power Yines that serve..only the immediate vicinity
which, id general, will no longer be required after the reservoir
is conetructed

-~ 13 -



 excavation, k. éry stall, 6unt of the s
able for-imporviouq fiil in the central gore

for random fi11,  An adequate quantity of -free drain
sand for pervious f111- ia ‘available in an. esker located southeast of
the. dam and extending.a@proximately 1/2 mil ?Efrom the &pproaoh channel,

- it %1 .
from the dam aite of 3 and mlles reapectiﬁw_;g;u; S

T b. A summary pf materials available from excavation with
' Jindicated dispoaition, nd’ materials required for.construction with

upon the execution of all construction by coqxrac; a; indicated
graphically on Plata IV—G vf, : DL X ;5 .

. n,;
' elevation 72& R |
RO ii"f *?f‘fconatrugt east embankment to elevation 679. 5

7553f'75‘;jfExcavate area. for 3pillway. stilling basin,
- o nonﬁovﬁrflow sections and stilling ‘bagin walls,

¢ - - ol LT L
-
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R Construet spillway to»elevation,679 5, T0N
it ta e e yerflow: geetionsrbtpvelevation 679.5. . s
' s8tilling bagin and §ti1ling basin. Walls
) complete.
ELL S en s -Excavate approach channél,fezgept a portlon
et T L L ake river! bank: to~serme &8; a:cofferdam.‘

waer Bxeavate spillway discharge.channel.

_ Seaond Season

Gomplete spillway and non~overflow sections,

e ConstructTupstraam and downstream cofferdams,
Excavate  diversion ¢hannel,

R Dewater and construct section of embaniment
between Station 11 + 38 and Station 20 + 00,
' to elevation 72U, and complete each embankment
betw&en Statiqn 1 * 70 and Statipn S + 38

h*{;f*ﬁt*ﬁoonstruct doWnstréam terraee and stone dike.
“”Construct Equipment Hquse.ﬂ T s

. f?ﬂf’w ‘alRemOVe upstream cofferdam. grade area - between
St T e o apliveach | 6hannel and toe iof dam,' remove
clogure ecofferdam at entrance to epproach
ohannel

Ly .
H LA e

- Lo © in the :freservoir area would he mccgomplished

T N 1argely during the second construction season,
c. Funde Required by Fiscal Years.~ The funds required

‘Guring ‘each:fiscal year of the two-year-construetion period, for the

f“accomplishmpnt of the:project ‘by contract, including land acquisition
"and reroewtions, construction coperations.and. engineering, contin-

geﬁctes and overhead are . estimated to be :as followss - . ..

s - ‘.'First fear Loy $1 900;000 l.é;.f::;; .if:Q :l
L Second Year e 2,160.000 T e I
KR TR X : T T S
T L RN A Tbtal ) $u»000 000 R :Lﬁ

L] REDAL ST 3

2 Prquration of Plans and Specifications.— It is

wn e e
T Y e

- 15 -
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a.' Employment _Anal sis,-'In‘compariaon with similar
projects construched in the Bodton:Distridt, it is estimated that
the projeet reparted heredin:wiil: breaté the folleowing number of
man-hours of 1&bor° , :

';'i%"*n SER S oan il B 'l‘ : W AR
(1) At-Site Labor,

Skilled Labor 2

R mah hours
UnskilledﬂLabor PR uoo o000 *
Other S C 100,000 " "

e DOTAR: s e 1,850,000 man hours

(2) 0ff-~Site Tabor:

. R R Wi ther::
Letter: No. 2 52. File No. 800, 12 Cooperative Proceduro), dated
1 Jannary 19Uk, subjeets "Qnadripartitexagreement ? and Circular
Letter No. 2306, dated 1 August 19“4 ‘subjectt  "Pish and Wild Life
Service Cooperatian,". information-and pertinent data on the construo~ -
"tion of -the proposed Bennington Reservolr has been imparted to the Soil
”~*Oonaervation Service of thé Depuriment.ofAgricul bure, Foderal Power
Commisgsion,” and the Fish -end: Wilkd; IiferService of the Department of
“theInterdory i o Setea eyl : : '

_ Local representatives of the Fish and Wild Life Service have been
" consulted and the ‘detailsof the project have been discussed with
them, Plarns ‘and other information-have been furnished at their re-
©quest, land i f -understood ‘that a ‘complete investigation and study
is being made of the proaect by thia'Sarvice,

Sever&l coﬁferences have béen held in the oston Digtriet Office

" ‘with ‘& reprogéntative:ofithe Pederal Power Cémmission, ;The Anitial

“and ultimate “congtruction: andTrelationship -of ,the proposed ‘Bennington
Reservoir‘as ‘part ‘of the cemprehensive. plan for:flood control of the
Merrimack River Basin has been discussed in detail with representatives
of this Department, Folios praepared for .the-Board of Consultants
. conferences containing compléte plans bndianalysis of the dam were -
furnished the Federal Pewer Commission for its use, No formal reply
has been received by this 'office in regard to any investigation the
commission might be undertaking at this time,

In accordance with the provisions of the Flood Control Act,

- 16 -



"Lapprqved 23 Decemher 19“& (Public Lew 534 <°78th Uéngress ~ 2nd

Sesgion) qnd a6 this project A its’ entirety ‘I1lee east of  the
ninety—seventh.weridian. ‘tHe Department oF thd ‘Irnterior . -has not
been consulted with refergnce to matters of land reclamation,

The Soil Gonser?ﬁtlén'Se}vicé;'Départment of Agriculture,
has corresponded with this office.and forwarded its "Report -
Soil Erosion Conditions in New Hampshire," for review and wishes
to be informed of any hearings. which may be held, ¥No further
action by the Departmerit has beeri indicated to date,

12 Qperation and Maintenance.— The operation and maintenance
- of the dgm will be a Foderal function with the principal operational
duties consisting of gate operation, 4s descridbed in detail iIn
Appendix I, the maintenance of a pool betwesn elevation 667 and 678
to provides the same storage in the future as is presently furnished
by the pond at the Powder Mill Dam will require daily operation of
the gates: Likewise, any increase in pool elevation above elevation
678 will require frequent gate operation,

Maintenance of equipment of the operating house, and of the dam
structute, including slopes, draine, and access road, will be necess-
ary, Remoyal of debris accumulated after periods of hish water and
policing of the- reservoir area will also be included in the mainten-~
ance duties of the persannel at the dam,

. ~ The ;permanent organization at the site will ve made up of two
"claasified personnel and one 1aborer as fTollowsy

e Bennington Dam . ]
Regervoir Operatiocns
__and Maintenance 4

* ‘.'4;

“Superintendent, P#B. $36@0,

78 s 42 e 8 1 s ks e e et

Damtender CPC-G $1soo}

—.q-u-q-._-pn-q-..-.-r-u_.-—---

LA ! et e e b s 2 e

haborer - QRESO« ,

P e et e e v

. PR
[ - 4 I - . Lo
. R i Lt ERR

Qparters will be provided at the dam for the guperintendent,
When additional leborere are required for, such. gpeclal jobs as
temoval. of large amounts of debris, or in c¢age of emergency, they
will be hired lccally and employed only for the period required,

'.-..]_"(...
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ke

f? j:a:}=ﬁghﬁg'fgij. _$_, "1' GontractkSupervision “T

The eetiﬁatedxannualwooat of p_ , m@iépggaggggis as
followas o L ' - - T
““"?by:i?:gf“‘” e Estimated

Cpn o _Lost

Item of Wofklf;--v

Services of Operators and Helpers' B $ 7,200,00
Power, lubricants, and fuel for operation

of gates : ‘ o . 800,00
Heating operating"t;uctupe ,'_;fLJ;”' S hoo,00
Clearing and vemoval of debris . .3,250,00°
Landscaping - N o 500, 00

Maintenance of agcess - road surface drains,_
and unprotected slopes e _ 700,00

Repairs and painting ' _ 800,00
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13, Malaris Control.~ In accordance with ingtruGtions contained
in Circular Letter N, 3006, dated 9 March 1945, concerning "Malaria
Control at River and Herbsr and-Flood Control Reservoirs", this
office has requested the advice and recommendations of the U, S.
Public Health Service with respect to the nead and réquirements for
palaria control af the Bernington Reservoir, Plans and pértinent.
data Telative to the reservoir have been forwarded to the Public ‘
. _Health Service, but to date no reply has been received, When received,
. .1t 1s proposed to includé the review of the Public Health Service in

"'the project report as a supplementary appendix. = '

o 14, Cost Estimates.-_z, Total Cost.~ The estimated costs, 1n-
eluding engineering, contingencies and overhead, for the principal -
elements of the project are as followst v S

Reéefvéiifcoéﬁs and Relocations '$1;582;00¢:‘
Reservolr Clearing = R 4, 000 .
Construction Costs . . o 2,514,000 . -

o Totel Bstimated Cost  $4,000,000

: b. Unit Costsi- The above estimated costs of principal
_¢lements are based upon the estimated quentities and unit prices
‘88 detailed in the following table, The estimated value of lands.
énd damages &ré based on’ an sppraisal made by the New England
Divislon Office, Bostbn, Mase,, and are belleved to represent a
. passonable evaluation,’ The reservoir area, at spillway 11p elevation
705, containg 3885 acrbs, of which o5% 1g scrub growth, 53% is wooded,
' 12% 1s tillable, and 10% is inundated. f '
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Sub- total ; Reserv01r Costs

TOTAL RESERVGIR COSTS

DETAILED ESTIMATE OF COSTS

RESERVOTR COSTS

175 725

Contlngencles (157)

quernment Expenses (IQ/J‘"L ; ff;:;lﬁﬁ,775

Ir,

CON&TRUCTTON COSTB ;
4+ Earth- Damy, Non-Overflow. Sectlon andlﬁp,liwnyw'

Removul of eXisting structures - ‘--‘“ Tump Sum  $ 2,000
Streum diversion snd pumplng i i Lump Bum, 40,000
Cleuring und’ grubblng 0 Acre ) 300 @0 27,000

evys .50 . 84,000
L 194,400
.9

Strlpplng _ _ , 168 000
e : N 4,86,

Borrow:\iWJ :

Bcrrowi— Random .

Berrpw - Rock, . .0 . P,

Rolled f£i1l.- Imperv1ous" :

Rolled £ill = Perv1ous

Rolled £ill - Random

Rolled fill - Semi- compacted

Structure backfill

Screened gruvel bucking

Filter swind and gravel .

Gravel facing '

Dumped riprap

Derrick stone

Rcek surfucing :

Conerete - Spillwuy, Stilling . S
Basin and Non-cverflow Seetlon 45,000 e¢,ys - 13,50 - 607,500

~ Cenerete-ghilling Basin Walls 7,000 Coye 15,00, 117,000
" Reinfcreing Steel : - 685,000.1b. - L0868 .. 35,700
Well SBystem T Lump Sum - 24,000 -
Equipment House and Oper¢tcrs L S IR
Buurters - - Lump ‘Sum 25,000
Misce Hetuls, Trush Bars, .
Emerg., flates -~ - Lump Sum 13,000
Getes and Hoists - - Lump Sum 60,000 -



IT. CONSTRUCTION COSTS (COWIINUED)

]

Unit Price

. ! Quantity Uit Total Cost

nghting and Power aystem = T --Lump Sum 3 15,000

.01l préssure .system. and o T _

Misc. 'eqdipmény S e T e "Lump Sum 10,000

Piscellaneous 1tems __”' D e 5 T Tgmp Sum. bg, 065

Sub- total a~ Constructlon Josts R C e $2,011,000
Eng'r Inspectlon, Overhead and

Contingencies (25%+) 503,000

TOTAL CONSTRUCTION COSTS ™ 42,514,000

III. CLBARIWG COSTS

Reservoir Clearing 3 3,000

Sub-total ~ Clearing Costs $ 3,000

Government Expenses (254 +) 1,000

TOTAL CLEARIFG COSTS 5 4,000

IV. TOTAL ESTIMATED COST (I + II + III) = $4,000, 000

V. UKIT STOBAGE CCST

Cost per acre Foot of Storage H4:000,000 = 366,67

63,000

[
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. A - Carrying: charges.w_The total annual carrying charge
for the’ initial stage construction. and. ultina ent of

development of the reservolr, vased upon. intére investment,

 on amortization of structures and equipmep _and on ‘operation
and maiftenance, - if $177,018 for the initisl stage development
and $66,977 for the proposed ultimate inerement of development,

A break-down of these carrying chargas is eontained An. the
following ta.bles. L )

-7
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Initial Stage

ANNUAL GOSTS ANE CARRYING CHARGES

1. mmm THVESTHENT

1. Total First Cost:
8. Structures with 5O year 1€ .........v' $ 5,902,000
b, Zquipment with 25 year life ;....s.i..;n,' 98,000
T By POBAL ety i e e e : $ 4,000,000

2. Interest During Construction: (3% for one~
half construction period)

&.” On structurces with 50 year 1ife ....... $ 117,060
b. On equiprent with 25 year life ....... 2,940
3, Totel Investnent:
2. Structures with 50 year 1ife ......... . $ 4,019,060
b, Bquipnént with 25 year Iife .......... ___ 100,940

¢c. Total Federal Investnent ....... vevres. S 4,120,000

I1 AWNUAL FEDERAL CARRYING CHARGES
1. Interost on Investnent @ &% veveevrenenn.. .v $ 123,600

2. Anortization:

& Structurcs with 50 year lifo (0.8875).. 35,649
h, Bquipnent with 25 ycar 1ife (2. 7430)... 2,769
3, Operatlon and maintcn=nce cenearas raea e 15,000

4. Total Annual Federal Carrying Charges ceeese §177,018%

. Construction Period ~ 2 years

* The anmual charges as hobod will be docronscd by $h 565 glving a
total amnual carrying charge of - $17€ U53, dac’ to tho provisions’
nade in the inidial edage’ for ultinabc raising of tho dans ©

*— 23 -



'l',;....o :

Ulti'nte Incre'wnt of Dwolopnent
ANNUAL GOSTS AND GARRYING CHARGWS
I TFEDERAL mmsm@ﬁm

1. Total First Cogt: PR
’ : 1,526,890 o
L. Strdcturcs with 50 ycar life ~1T_L4.'QOQ’-" $-.’_1.,.§L40-;890
o Equipient with, 28 year Life. ....ioves _____;g,;;g
g_.'a‘mptal et e e e $ 1,645, ooo

3. Interest During Construction: (3‘}76 for one-
half constru.ction periqd)

a.On structures with 50 year 1ife ....... §  24/618
b., - On equipnent with 35 year life ......s 62
3. Total Investnent: _ “ -
e \.—!.Structures with 50'-year life ... crerens l$ 1 665‘503
b. - Equipnent with 25 y¢n$ }ifq ”&"91!"f; 4,172

o2 _’i‘qtal Federal Investnent .......... . %1, 669 6'?5‘

II  AWVUAL FEDERAL CARRYING CEARGES
1, Interc.st- on Inve,stnent @ 3,0 e, vervesens B 50,090

2. Amortizat:.on:

g Structures with 50 year 1ifc (0.887% ).. 14,778
1. _uquipnent with 25 year 1ife (2.74.:5%).. 114
3. Operatlon and Maintenmce RN S e 2,000

4, Total Annunl Tederal Carrying Chargos $- 66,977

LRI

- Construction Period - _1 yecar

* Cost of modifying flood control ratructures to pornmit futurc reising.

+ 7 ' . .

- 2H -



15, Economic Study.- The Bennington Reservoir is proposed
as part of the authorized comprehensive reservoir system for the
Merrimack River Basin., 4 study has been made of the economics
invelving the constriction of the dam as a flood control storage
reservoir with provision for an ultimatc addition to provide for
conservation storage. 4s noted in the accompanying table "Sunmmary
of Benefits and Costs", the ratic of Annual Benefits to Annual
Gamrying Lharges 18 1,31 ard therefore justifies the construction
"of & flood control reservoir with provision for an. ultlmate
addition. W :

. +

. Economc Studies have also been. na.de for construction of -
*the dan as a multinle-purnose resorvoir, rosults of which arc
' nresented in Appondix V. A : :

.25 -
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1NITIAL STAGE Sf;¢,,ff‘;:*

) SUMMARY OF BENEFITS AND COSTS

' 1.“'60nstruction Costs. | LR W L
: “Behinington. Reservoir fo e ' ‘V, $ h 000 OOO.
.g._,ether ‘Flood*Control: Reservoirs (x) pEa b ey 1u 2214, 000
8. Tocal Protection: Projects (Zx) e.iessiveeese_ Ly 313,150
Total Construction costs ... ... $19 537 150

2.~ Annual:Carrying Charges: - .. - m”i.u-;gg-. -
&, - Benhington ReServOAr s, iewedivveenisrvrvnes 177 018
. Other Flood Control Reservoirs (x) .,,....5. .- 661,518

. -Local Protection Projects (XX) +..\ieeeeavey . 6§;SOO
_ Total Annual Carrying Charges . 902, 33

3. Total Annual Benefits:
. Based on comprehensive flood contrel program
including reservoirs and local protection’ eedvee $1 183,00@ '

leloi®

4, Batio of Benefits to Carrying Charges!
Ratio of total Annual Benefits to Annual
Carrying Gharges R PP 1.3

(x) Includes. completed reservoirs at Franklin Falls and
‘Blackwater and proposed. reservoirs at Beards Brook,
Mountain Brook and Vest Peterboro.

. Cost - ' Annual‘chargeS'-
Franklin Falls $ 7,690,000 ~ Completed ~ § 362,200
Blackwater 1,160,000 - Completed 59, 000
Beards Brook 3,500,000 -~ Estimated 158,000
Mountain Brook 80,000 ~ Estimated 21,800

i

West Peterboro 1,394,000 ~ Estimated . 60, 518
| I~ v

(xx) Includes cbmpléted local prdfecﬁiéﬁ project at
Lowell and proposed projects at North Andover
and Lawrence, Mass,, end Naghua, New Hempshire,.

‘ Cost - Annual Gharges
Lowell, Mass, - $ U43.500 ~ Completed $ - 25,%00
North Andover. Mass. 323,H00 ~ Estimated ’ 13,880
Lawrence, Mass, - 729,250 ~ Estimated 1H,1§8
Nashua, New Hampshire - 217,000 -~ Bstimated 10,2

' ' $1,313,1%6 - . § 63, 800



16, Recommendations,- It is recommended that. the construc~
tion of the Bennington Reservoir be authorized for flopd control
purposes with an initlal spiliway crest elevatien of 705, and with
provisions incorporated for future raising of the dam, to provide
congervation storage with the splllway crest &t elevation 712,
all as described in this report and appendices,

HOMER B, PETTIT

Colonel, Corps of Engineers
District Engineer

- -
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"‘{ BEPRO;DGIQ-IGENEEAZ DESCRIPTION OF PROJECT %ND REG10N
-5;:§:LfScépe;¥ﬁﬂhe &diéﬁcbnﬁﬁinéﬂ;iﬁnﬁﬁié:a@pendix constitute a

repartﬁén:thaghydrologm“aad_topographic-features of the drainage basin
of,the'Beﬁnington.Rbse;yhﬁrwas gﬁfecting-the‘spillway_designAflgo@ and
§p111wayareqa$nementswin acesrdance with the,procedure_outlined;in“thn_
Engineer Bu&letinuR;;&.H;kﬂo,‘.,p1938‘ . In eddition,- the report con- f
tains the:ddta -and procedure used in determining tha.;eservoirudeéign
£loed, v B T TR T AP P '

.
hix ol

b. General Discussion of Climate.- A general sommary. of the
climate prevailing over the Contoocook River watershed can best be
described by referencémto,page~5,,Ghapter;l of;Hydrometeorological
Report No: 1 1Maximam: Rogsible Precipitation Ompompanoosuc Basin,*.
which statess - w7 . .t e R :

,:_ig;?Iheiehtﬁfﬁffééibn,ia;éo sitﬁa$§d'gqogrgphically'ghét it
receivas;a:maximum;freqaency;ofivisitatiop of gxplopic storm activity

'"throughptha:entirehyeara ip.fact.-this area pventually»comes,under the

influence. of the majority of .cyclonic disturbances which affect the
United:Stétes,;;No,ﬁeasgnableyvgriation-in precipitation is imporjant,
annualzrainfallcbaibgyaygnly_distributed throughout the months, In.
genenal;:shorb.pariadﬁrainfall-intensitias.are‘graatesﬁ.in late spring

_and-summer and -excessiverrains of longer Gurations occur in late, sum-

mer and'éarlyffallhy;mheﬁextremesbof average annual precipitation in
NQW%Englhnaﬁnangamfrom:ES:inches-ip_northern Vermont and New Hampshire,
withﬂ%hégexceptiﬁh.vaMiﬁ;Washingtqn-where 1%.1s comsideradly higher
due tqwnrogré@hicxefiects:in&the White Mountains, %o 47 inches in
southweStern:COnnacticut%and.HS-inches on the central coagt-of Maine,
ExneaSive‘Ehvhouruamcuﬁts‘during winter months, December_to-March,
of more “than -thrée inches are rare, bult sumper reinfall excegses are
more fraquent:hecaugetoi,high inxensities‘expepienqed in . thunderstorms.
A very‘%venfdistribution,of thundarstoronpcur;encet makes all parts
of-the?regidnnliableghp{high‘sbgrt~penigd.rainfall intensities during
‘the. summey: monthse: G G . P -

Wdince great accumulations of snow may occur and since the
types of cyclonic_&isturbances which visit this region may result in
rapid-mel@ing;;snngiaaan extremelx_importantqfactbn_in flood produc-—
tion;--At*Bostqn;;Massachusetts,-the-ayérage-annual1§howfa;1 is_hj.%
inches,:wihhiexhrémes%of;96;h.inches during the winper of.1873ﬂ?h'énd
10, inches. during the winter of 1875-76. The average seasonal snowfall.
at first order Weather Bureau stations ranges from 50,4 inches ab

N



Albany, Hew York, 60.4 inches at Portland, Maine, and 73.0 inches at
Concord, New Hampshire, to 38.6;inchys gt New-Haven, Comnecticut, and
32,4 inches at Providence, Rhodev’Island. - The- greatest average seasonal
snowfall from any reporting station is 168,3 inches at Pitteburgh,
¥ew Hampshire M RN e o

&. History of: P1§5ds . THe - 6‘11131'?'-?{3&”1’6‘66.‘9@“?6qf':‘ffsfﬁfe‘i"Cq:ft._bé'i;_d,pk@ Biver
of which there ars any authentic records are the November 1927, the
Yiarch 1936 &nd'the Séphember 1938, The March 1936 with peak discharge
0% 13,600 ¢, s, ‘and’ the: September 1938 with: peak-di scharge. 0f. 15,400 .
c,t,8.; flood hydrographs. at: Bennington, Now: Hampshire, "are shown on
.P-:ate-é 1-18' and 1-19.~ The November 1927 'flood had aipeak’ discharge of

only 2,100 é;f,s." on* North Branch, of Conto ocook néar Antrim; N, H, 1o
and 2,620 ¢, fis, ‘on ‘the “Blackwater Hiver:mear Gontopcook i B Since-
these values are not unnsually excessive for these.drainage: areas;: the:
1927 £lood on the Contoocook River could only be considered as the’ '
equivaleélt-' of- a heavy spring freghiofiic. o lo SEELegn Y e

4. Project Description. -~ Bennington Reservoir will ¥e formed by
& proposéd dam on the. Jontoocodk River: approximately: for ty-seven miles-
above its confluence with the Merrimack River, The dam site ‘is lobated:
about one-half mile upstream from the Town of Bennington and approxi-
nately elght hundrod feet downstreanm from an:existing dam dekignated
ag’ the Powdér Mi¥lDam, - The posgrysis cc‘mt'.rq‘l’s*'@a."-.iﬁ"ot"étil’:‘ffiﬂi’.ainﬂge? area..
of one hundred eighty-stx (186) sqtisre miles, Mo other proposed. flood
control reservoirs lie-within this a¥ea; namely, Mountain Brook Reser-
volr with a drainagé aréa - of ‘fourteen- (14} square miles ‘and West Peter-
bord Reservoir on the Nubanusit Bro ok with & drainage area of forty-- N

four squaré milés. " In -th’e‘"init-ial'.dé'?re’lo‘pmént','-?‘thé"‘:ﬁBennihg"t'b'ri "Résern
volr will have a spillway.-crost at elevation 705, with:a.storage ca~. ..
pacity of 60,000 acre fest ."-,‘i-(-ﬁrea;;Gapaqi’b'Y'.;-"Gq_z_fye'wPlatfe.:"I€3.' ) The: -
“full reservoir covers an: ared’ of: 3,885 ‘aeres. and exfong @ distance .
of ‘eleven rivor miles from “Bennington .td Peterbos The «storage:ig
equivalent to 6,0 inches onithe totat’ drainage -apés 0f-186 “aquare::
miles,. - or 8,8 inches ‘on thé ne draivags, which. area~excludes Mountain
Brook and West Petervoro Reservoirs,: The dem w
of a'rolled earth section, The #pilivay will be s ‘conerete structure
" of conventional ogée dimensions 300 feet in Jength, with maximum . -
holght’ above normal tailwater of Y0 feet,: $ix outlets will be low <
cated in'the epillway 'se ction; “each with adischargécapacity .of ap-.
proximately 920 c,f,a. with the reservoir level at epillway crest,
4 common etilling basin wiil beautilized"for both the spiliway and

outlet _'d_'i'schar'g'é‘s.‘““ W CEe s T

e, ‘Bagdin “Chiracteristtos « “The.drainage basin ¢f*:the Bennington
‘Regervolr coverd 186 square- milés in-‘fhe “UpPeT.or “southérn portion of
.the Contoocock Biver watershed, It has & maximom width of .approxi~
‘mately 12-X/2 miles and & mixinum. length \of ‘approximately. 18 miles,

L i

ot
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(See Plate I~1,)  The headwater tributaries originate.on.hilly and
mountaindus slopes that rise 1;200 %o l,ﬁOO‘feet above. mean sea -
level with isolatted:peaks exceeding 2,000 feet, The reach of river
included in the reservoir site is quite flat and consists mainly of
undeveloped woodland and meadows, - The norme] water rise from the

dam site to a low. timbgreribiden located gy miles upstrean at North
Village is only 25 feet, :-With- -spillway orest at elevation 705, the
reseryoir will cover this' North- Village Dap: gnéd ‘extend approximately .
another nile-to the tailwater.of :a small dam in the center of Peter-—
boro, Upstream from*Peterboro the slope of the river increases. con—

- glderably and in the 8 mileg™.distiEnce o Bast Jaffrey, the rise is
approximately 290 féety Abcve Basgt Jaffrey, the slope: flattens again-
and in this reach’is located Contoocook ekg, a low head CORserva-
tion lake uged- for déwnstréoam regulation. ‘The largest trlbutary to
the -Contoodook River is Nubanusit Bt ook which .enters the, ‘Contoocook
River at Peterbord, and which hws: a total drainage area of 49 square .
miles, - The progdsed Wodt Petorboro Reservol¥ will control i sguare
miles-of this dralnsge area. - The’ tributaries above the Bennington .
dam -site with drainagc ares - exceeding 10 . square milea are tabulated
belowt . _ .

o’

Tributary. Enters ) Drainage Mileage at Gonflupnce with

JFrom o Uhreaat *Contoocook River (zero. mile~:
. . “Mouth - ' &ge at Newburyport Light).. :
el '(Sq.:Mi;) —_— I
Contoocogk lake ..~ ' .~ 51§ o~ o0 17,8 . 0w L
Kountain Brook: left - - -1k R L o
 Gridley River Right - 12 R 62,3 0 e
Meadow Brook - “+iRight - = 32 " ST T 161,6
Nuobanusit Brook Left - 49 -~ . - .- . ' 1B8, 7
Boglie Brook - Right 13 o T 155,4
Otter Brook + Right.)'- 16 - e 'ﬁ:%53 6
Ferguson Brook Ieft J12- S 151,9°
Moose Brook - Left 1)4-‘ 149

It should bﬁ note& that- the- las€ four brooks; Boglie, Otter Ferguson
and Moose Brooks -all- enter: directly ‘Anto. the' reserv01r area w1thout
any distsnce of.flow in the Contcocook River, This fagtor is important
because, where the flows from the tribitaribs were formérly affected .
by the valley storage In the meii river, ‘the rus-off now goes, directly;.
into the reservair: storage with a resulting short perlod of. concentraw,i
tion, The 1t-mile redéh of the reéservoir: from Benfiington to.. Peterboro‘
drains a total .abea of 60 dquare milés with 81l tridutarids discharg-
ing directly 4into -thg. reservbir.. Above. Peterboro, or. upstroam from.

! the upper end of the reservoir, 58" square miles of the remaining 126- -

{ square miles of drainage area will o controlled By Mounta&n Brook and . -

q
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of lh square miles and~w£1 bo princxpallyrbanefipial*fortraducing
flood flows n Rast: Taffrey.: With:apilivay, crest; atielovation 1, 027,
the - raservoim,will,dover an;anﬁa 6F 380 acres. and 3
30 : 20, i’B,."lS\ \cquivalen%{tq Laches:

5 rth ec on

an ungatnd conﬁ.ﬁi’t 2
wi tl‘r 'wa,ﬁer rsur:f.‘ace saf

lined cha:n.mc%l chute exiiondd.zig-:& : B
spillvay ‘desigi flood thas.an At low pe&k of . .?)&,OQ_
spillWay design discharge of 1& 400 c. f.s._ '

erboro Raservo ir .

We'st___Peterhorq Reservo ir

the Gontqd’ ) - ,\fn he o ée_rvoir will
control a. ’dra.inage arow. of 1}115 a¢uaro milqam »The roservoir will ‘cover
an_aroa of 830 acres at spillwey crost _olgyation 9U6 and will have a
storage capacity of 12 800 acre foot, which is’ ‘eqiivaient to 5,5
inches of storage, - The dem at West Poterbord will be a: Tolled earth .
gection, A gated: ‘eondudt will provide a maximum discha.rge Gapacity -

of approximately 1,“@ ¢.f.a, which is tho:makimum.: :downgtroan: ﬁcha.rmel
capacity. j ay will consist of alsmall con rete weir.-at. crest
elevation 946 locatdédiin a rock-cut cheanngk: excavated. through a. saddle
in the hills near Half-Moon Pond, The spiliwey dlseharge will: «£low..
down Ferguson Brook” 1nt« Bennington Roservoir, a distance of: only one
and one-half miles, = - LT el e e

Stroam Flow Data.~ The stream flow records w:.thin the basin
& T3Chalnsgage’ ‘mieasuienents:iwers obtatned on the: -
drainagé i’ai’sa:rl,GS"’squam miigs) £rom:.

duringthese periods- of»- . 0ngeque g o]
‘the” recoré‘.s for-anlt lﬁyﬂrograph, oy floods routing-shudle:
past o~ years, ' Bristol Gagés: havedbeenxoperated. by thﬂ
logical’ Sirvey e "North Viliage,ul’eterbore, New Hamp&hiré,:on the. :
Contodeosk Rivér (drainage:area 120:square. ‘wiles) and a4 - Peterboro,
New- HampshiTe, én: Fubanusit Brook: (d.raina,gesa.rea WU gquare miles)y
but sitice no satisfactory: rating curves ‘are available: for these £ages,
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their principal value is in obtalning time, of peaking from the re-
corded stage graphs, Some peak records a; available ay various

dams in the basin for thé Mareh 1936, the Séptember 1938 ‘and the
June 1944 filoods, - .but_these records are complicated by gate opera—:
tion, partial failurd of - flashboards, ‘apd-4n some cases, by abut-
ment washouts, The storms of 24 June end 1Y September 194k, pro-
vided the most accuzate and comprohensglive 8ot of data for a ptudy

of the hydraullcs and the hydrology of the: Bennington drsinage basin,
Discharge records of nearby stations in the: Contobecook River drain-
age basin wore htilizcd Tor.volume studias. . The following table
summarizes tho a1scharge étations used in estimating stregm flow data:

e

LN
o

Lt L " Maximuom Discharge
o : L ..., Discharge June
Station = . 7° Biver o T&po(;.ﬁ}‘D&A‘f‘ of Record l9uu
Peterboro, N h * Nubanusit T,,ReGOrdlng ' MS ll.f l,lag L 4%{;
¥hites Mill‘Dam ‘_Nubanusit ‘fﬁ‘Bristol Gagé Tu.o” . u,1k0 '“1'500
Antrim, .. B, ¥, B);' Contoo-—- . YL
Lo 0ok .Recording ek, 8“_ IR - 1890
Jackman, . . H, ' Boards Brook . Brigtol,Gage 56 =T 4t 3,300
Dav1sville, ¥.H, Warher = " Rdeording e o 3,9”0
N.Village Dam ', ° Contopbook: "  Bristol Gaga'l2d. 10,400 = 4+
Elmwood* ’ ‘“',Gontoocook - réhgln L0168 0 W70
Powder Mill’Damt Contoocook " Non~Record~ s,
‘ ing 186 153400 . 5,200
V. Henniker ;; _ _Contoopook Rccordlng }68 . _22.200 &, 700

* This statlon is diacontinuod._ Maxiﬁum disoharge &uring period of
record, . ‘
+ This dat is 1ocatud at tho proposcd.Bonnington Dam site.,'
++ Ho rccorﬁ. . Sl X R _ }: -
For general informatlon, a long term hydrograph (191?~19h2 inclusxve)
" has beon constructed and is shown on Piites I-5, I-6 and I-7, The
hydrograph was constructed as follows: The record on the Contoocook
River at ¥lmwood was increased in proportion to drainage areas
(186 ¢ .168) to provide the first seven yoars of record at the
Bonnington dam site, Then, as this station was discontinmed in 1924,
1t was necessary to develop data for 1924 to 1939 by pro-rating aval l-
able data from the adJaccnt drainago arca of the Sounhegan River at
Merrimack, ¥, H, (186 -= 171). In October 1939, a new gaging station
was: installed near Henniker, ¥. H,, and this station was utilized in
conjunction with the records of the orth Branch necar Antrim to fur—
nish the balance of the record. The Antrim flow was deducted from
tho flow at Hemniker, and the differencc was pro-rated to give the
flow at tho Bemnington Dam site, In addition to this, a short table
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_tye rang““"f‘flowg from the average

is liated belowishonﬁ,x

ngveragéaaﬁiﬁﬁf'
" Flood of Nov. Bj:il1g2y.
Tlood of Mar, 19;°1936 A13,600 cife8,
‘Tood of Sept, 2L, 1938 : >?15,N00 ey 8
" Spilivay- design flood " R 000" ¢, f.s.
Spil&way design flood inflow
. to reservoir o

R 500 cof.8; - -

WWﬁW.,»;,77.600 c.f 8
h Precigitation Rscords,~ The vasin is, fairly well
covered by precipitation. atationa as.. illuat'axsﬁ on. Plate
I-2, The stations at Surry Mountain Dam and ax Hillaboro
aré avtomatic, recorders, The stations at’ Gres -dlle, Peterboro - -
Cand. Fitawilliam, New*ﬁampshire ‘are’ non—record ; E ' T
iaily.- i _ e
fshort~term

~have been very helpfui A
the Hydrologis Bulletin' for*the-No;th Atlantie_ : S
published by the Weather Bureau n’cooperation with the Corpa SRR
of Engineers. *~a L

For general 1nformation* G table of reinfall stationsd
showing normsl monthly and averags annual precipitation is
given below, (ges Table ), 1 maaéition, & table .6f the normal -
menthly end average annusl temperatures ‘for theseé atations,. | -
where available,is ‘Ziven, (gee Table: II)V Mo ‘supplement thig:
information, = complete table of comparative -data and extremes
covering the climatology of the U, S Weather Bureau of cbncord
N. ‘H., ia given in Table III SRR ,




TABLE I. PRECIPITATION -~ INCHE§?'L

Stetion  Fiyzwilliam Franklin Keenme = Manchester: Nashua Newpord
Years of 21 years 39 years-ha yoars 66 years 57 years 12 ysars
Record Average Average Average Average — Average  Average

Monthly Monthly Monthly Monthly Monthly Monthly

January 3,21, 3,03 2.89 3,29 . 3.M43. . 3,26

Februafy  2.6W 2,70 2s68 - 2,96 < 3,32 7 2,26
Mareh . 3.63 3433 3.21 3,61 3.70 3.6
April 3. 7L 3.53 3.09 3,19 . 3.32 377
¥ay 3,30 3419 3,11 3,10 - 3.00 3,01
June 4,36 3,73 3.23 3.20 3,13 3.63
July - B4 0 377 3,80 3,U3 . 3.38 3.6
Avgust®.. " 3.97 . *. 347 . 3,8 3,39 . 353 . 337
September 4,15 - 3,99 - 3,60 3,38 L3420 0 3,78
October 3.20 . 2.88 2.76 3.02 3,00 2,57
Fovember 3.88 %.25 3.03 3.33 3,25 . 3.0%
December - 3,13 . 3.05  2.99  3.25 - 3,34 - 2,76
Average e e ' o :
Annual 43,42 33,92 38,25 - -39.15 39,82 38,71
" TABLE II. TEMPERATURE - FAHRENHEIT
‘Station Franklin Keene Manchester Nashua
Years of . MO years . . . 48 years . 12 years- . 15 years
Record ' ‘Avorage . Average Average | Average
" Honthly. Monthly Monthly = Monthly
Normal ' Formal Normal Normal
January 19.9 21.1 ah,1 24,2
February 20.0" 1,2 23.9 .. LR
March 30,9 - 32,0 32,9 S 33,3
April k2,9 b3,7 3.6 - h3,.8
May . 5.1 55.3 56.1 1. 56,3
June V63,9 L. T 63,6 65,8 © 65.2
July 69,5 -~ 68.8 70.3 % - 70.2
August - 66.6 66,3 68.8 68.2
September- - . -5g. % . 59, 60.5 - 60,8
October -~ 8,1 - 436 9.0 49,8
November 35.9 36,7 38,9 ' . 39.1
December 23,9 24,8 27,4 27.3
Annual . o
Normal ' MW7 - 45,1 > 46, 8 46.9

. S ' . 3.
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Month Mean - Mean Mean Highé‘s_t‘_; ngf.-:est‘ Monthly &raatest

‘ TABIE III.

CLIMATOLOGIGAL DATA FROM OBSERVATIONS AT~
i “WDATHER BUREAU, CONCORD,. N 3 YEPEEN

: RN

PRECIPITATION
I‘{ INCI‘E S

‘ m mcm:s

Extremes

Hean ; in 211- hrs,

Tengbh . . el
of Becord. : . o - o - o
Years 77 ‘[ll-

July

A-ug .
Se'pt‘.

Hov. m-l-.h 26. 1)
Dec. 3.9 152

Year . :5h2 330




THE SPILLWAY DESIGN FLOOD

i..- General,- Gonforninc to previous. engineering eritoria |
for the design requirerionts of spillways, a study has been nade
of the hydrology and hydraulics of the’ Contoocock River in order
to determine the maxirmn possible flood, Thoe éffect of the pro-
posod Mountain Brook and West Poterboro Rescrvoirs is entirély
neglocted in this study, an onission thnt tends towards addi~
tionnl conservatisn and safety, but net to the cxtent that right
be ?nglcipated This factor is Ciscussod further in paragraph
Eo Y ‘.. ' . ' ’ g K . o

1 Reservoir Routing Assunptzons.~- It is assuned that the
regservoir will be filled to norfial naxirun pool elevation of
705 fect MeS.L., the crest of the spillway, -at tho beginning of
the spillway flood, - The outlets are assuned ‘$o Do inoporatives
The spillway rating curve (Platc I11-5) was- dormputed fgy a free
ovorfoll ogee svillway using the weoir formula Q = CIH “,'whcre
"LM 34 300 feet and values of "C! varied to a maxirun of 3.8
for tho design head, The.unit hydrosrephs arc nssuncd to ap-.
ply to resorveir inflow, and, consoquently, the spillway £1loods
arc routed throuzh the reservoir using thc gross surcharge stor-
age, 1% is further assuned thnt MOuntaln Brook and West Potor-
boro Reservoirs are cithor not constructed or that they are
sirmilar to cxisting lakes and roscrvoirs and nay be neglected
in the hydrologic studies,

k., Unit Hydrograph.~ Data available for unit hydrograph
construction are moager and of only falr accuracy. In viow of
the ultinnte results to beo obtained from these data, however,
they arc coasidered adequate for the purpesc, An outflow unit
graph was gomputod using data colleetoed during the storn of
ol Juno 1944 (Plates I-8 nnd I-9), Good dischargo rocords de~
fining tho tine of penk discharge as woll as readings on fthe -
rising and falling side of the hydrogyaph were obtained fron.
the daris in the Town of Bemnington, Few Hampshire, controlled’
by the Monadnock Poper Co, The volure of the estinated hydro--
graph wes checkod with the obscrved hydrograph obbained at tho ~
U, 5. Geological Survey Station at Wost Henniker, New Hampshire,
Gool. rainfall reccords werc obtnined fron the stations which are -
shown togethor with o swmary of the date on Platé I-9, ‘An- - -

other outflow unit graph was conputed wsing: the estinated 1938
hydrograph which in turn wns constructed fron the known tinc

of ponk and thoe poak dlschqrgo as corputed fron the obsorved
flood profile and volume conparisons of adjacent stations. in
the basin (Plate I=11), The rainfall stations used in this
studywsrerrth Villnge and Fitzwillian, New Hampshire, The
two computed outflow mnit graphs showod good ngroeencent in' shape
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and magnitude, as is indicated on Plates I-9 and I.1l.. The
computed unit hydrographs for Benn1ngton are definitely ont-
flow unit hydrographs that - show the effect of the extensive
valley .storage in the reservoir reach,  Af estimate of the
volune. of valley. storage obtained during the September 1938
flood wag made from survey data and a’discharge valley stor-
age curve, was. constructed, {See paragraph D. The 1938 Flood .
hydrograph was - then. back—routed through the reservoir and an
estimated inflow hydrograph obtained, . & unit graph for the
estimated inflow hydrograph was then derived., It is conaid-
sred that this unit graph is more renresentative of the con-
ditions to be expected during. a flood of spillway design
storm magnitude, ;although still somewhat slower and less
peaked, - than that resulting from-the higher rainfall values
obtained during the storm producing the spillway design flood.
In order-to peak the inflow unit graph of the September 1938
flood to satisfy the high rainfall increments, resort was
nade o the ompirical formulae of Franklin P, Sayder which
were treated in his article on "Synthetic Unit Graphs", pub-
1ished in the Transaction of the American Geophysiocal Union,

Part-1, 1938, Those fundamental formulae for the analysis
of the unit hydrograph are as follows?

0043 -
Cy (LcaL)' ’ 1) -

-

by

a, =0y GMO/tp @ ) R .

.

The nomenclature corresponds to the established symbols for
hydrograph study and are briefly described in the tsbulation
on Plate I-12, In analyzing £lood hydrographs of record, the
values of L., and L are obtained from the topographic maps,

values of by and g, are obtained: from the records of precipi-
tation, and discharge records, In the apolication of these
formulae to the present situation, the constants Cy and C

are computed from the known unit graphs and then modified

to inerease the unit discharge and decrease the time of lag,.
.%o produce o unit graph applicable to the high rainfall in-
crements of the spillway design flood, Three pairs of coef-
ficients.were used, one pair computed and two pairs assumed,
to provide three unit hydrographs of various concentrations
and peak discharges as shown on Plate I-12, This procedure

was followed to give o range in compubed: spillway floods and
to determine the effect of various unit hydrographs on the
spillway requirements, The assumed coefficients. are tabu-
lated as follows: for unit graph #2, Oy = 2,62, 0Cp = ,U00,
and for unit graph #3, Oy = 2,11 and cp = 4500, -

1.10
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: Maximum ‘Storm. - Studies previously made of ‘suime r~fall
and '.-lin‘ber-spring raini‘all value's have shown that for draina,ge '
aress of cbmparable ‘size in this basin, & ‘more severe splllway
flood 48 obtained. @rom summerufall limiting rates of rainfall,
and, consequently, ‘this type of ‘storm, ‘hag besn used in computing
snillway floods for Beﬂn1ngton Reservoir. - The rainfall 1ntensity
curve tesed for this study (Plate I-13) whs based on the maxi- -
nom possibls ‘rainfall for the Contoocook River Basin as deter-
mined by the Hydro-Meteorological Section of the U, S. Weather
Buredu, The flood prcducing storm 14:.0f 2hhour duration with
a total rainfall of 17.4% inches.- The distribution of rainfall
and run—off for ‘these two storms is shown, graphlcally on Plates
1-15 and 1:16, " The values of precipithtion used for this area
in térms of 3~hcur amounts and in order of magnitude are tabup"
lamed below. ’ : g

R

- 3-hour period A Precipitaiion-in‘lndhes“:’~

LR TR T

R O ONY T

- -

0 —3 CWJIT VM P
OO0 CON O~

j‘
”"ﬂ . 4

Total a‘erecipitatidn'

m. Basic Spillway Flood.- The basic spillway flood was com-
Duﬁed by applying the basic anit hydrograph shown on Plate I-12 -
to the rainfall values summarized in the preceding paragraph, -

An inflltration rate of 0,05 inch par hour and a base flow of

5 c.f,s, per squere nilé were uséd, ' The assumed minimum infil- "
tration rate ‘of 0,05 inch per hour or 0,15 inch per jwhour period
was based on the shmallest rate determined from andlyzing floods:
of_record for unit hydrographs ih this area. The hydrograph .of °
the ba31c spillway flood (Curve 4) and the’ plurlograph are ‘shown’
on Plate’ T~ 15, e periods ‘of rainfall are’ ‘arranged in an order’
that results in” the hlghest peak: diacharﬁe when computed W1th

the basic unlt hydro raph W

~ Vartation in Shape and Peak of Basic BplllWay Floodv—
As the bagic snillwaJ flood is derived from ‘an empirical bagic
unit hydrograph and o theorbt1ca1 flood: producing storm,‘5-=-
further studies were made to détermine the: effect ‘on the -
splllway requlrements of varying e shape of the Splllway
flood, = Two adjusted unit graphs were’ constructed as described
in paragraph’ ¢., and thede values were aﬁplled to the two -
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excessive. 3-hoar rainfall. 1ncrements of the. hagic flood. (Flood .A)
to glve: Floods B.and c, shown on Plate I 15, ‘J.‘heae flobds were
‘gh 4@ : constant

A study wa.s then ‘mad .ihcreasing tha volu 4
Wl%%l%mmdm% TMrMumpMHeo

of:: all the \factorsa*that enter ;i.mmE g,hg: d e ”{3\
quate:. spil&Way flood, it :was;: decided: adop¥y th
way Flood, :as.modified by the unit hydrograppb#as‘( late I-12). .
as the selected spillway flood., This flood is shcrwn oiz,P te
I-15 as hydrogrsph "B," and summarized in detail on Plate ‘116,
The pertinent data- relative to this design :E’locd are. summari zed
as follows.

:Rainfall i inghes in 2% hours . ....... e 17.uo

Rate of Infiltration (inches per hour) creceres - 0,05
Runp~off ift 488hes ...i.vvvevneinrenaonns Cieedes 18,30
Run-off volume in acre feet ..... .' ceereeaae. -.. 162,800
Poak Inflow in CufeBe evivvenveenninns s e aees (7,600 -
Peak Spillway: Discha.rge $0 CofeBe venrvroernee H5,900

Maximum Water Surface (ft. above M.S.I.) ...... 716.8
Surcharge Storage Utilized, acre-feet .... .... - 52,000
Surcha.rge Storage Utilized :anhes eerereeanes 5.24

o [ ’“‘
EY ..\I: 2"

’I’he splllway design flood provid.es a sai‘etyu,;f‘:ﬁ‘i: .
mately 3575 over. the basic apilltsray :i‘loqo. as‘ush

' .n:.ngton reach is very extensive a.s o'bserved in t e:;re‘_ent floods
in 1936 antl 193&. From flood profiles and,. topographical sur_j-

and the reservoir a.rea—capacity curve, Assuming that . reservmr"":-
routing methods were applicable, the: sPillway design.: flood was
: then routed.. through thls valley storags. to. obtai.n. the na.tural

This routing: indicated that, the pealc Anflow. of, 17.60¢
would berreduced by sthe: natural storage to a pe’ak
spproximately 64,000 ¢« f.8. - The Myers Coefficien

flood pesk relationship, Q = C. -.~/Drainage Area, and.p
charge in ¢.f.8. per square mile are as follows: i
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' ‘Maximam c;f.s,

” ‘ ' ﬁgi . ped sg, mi.
Inflow 77,600 cufes. - 5,700 < w17
Optflow bk, 000 ¢, f.s. _ h 700 . -3Mh

g+ -Freeboard.~. The thepretical freéeboard requlred for
Bemnington Reservoir, based on thé eriteria outlined in the
Engineer Bulletin R, & H. Wo. 9, 1938, 1s 7.5 feat, “This height
was cOmputed from the follOW1ng datas

“Peteh: in miles - = 5,5
“Wind velocity in mxles per hour | = 80
Angle of wind and fetch’ =0
.Depth of. water’ ‘in’ feet = 40

LY

qu of Dom.~ The top elevatlon of the Bennlngton Dan-
was determined as’ fallow5° ' ‘o

'”-Elevation, crest of splllway er i ie e eeae ey ‘....ﬂ;.. 705.0
. Maximum head ou. spillway from spillway deszgn flood 11.8
Ereeboard requiremenb ....{.,_ ..... A e a s CYE E.E"
_ o o : 72 o5
j~Adopted elevation for. top of dam e e ?2”.0

The total reservoir. storabe capacity is 151,500 acre feet dis— .
tributed between various stages as follow3° _

. Acre Peet  Inches:

To Spillway crest elev. 705 - -60.000- 60
Maxihom ‘Surchargs, elev, 705+716.8 . 52,000 5,2
Freeboard elev, . 716 SwTEH o .. . 39, /00 4.0

151,500 15 2

e Top of Dam — Ultimate Development =~ If, in the future,
in the interests of conservation storage, 1t is- desired to raise
the spillway from elevation 705.Q to 712 O, the top elevatlon
of dam is determlnmd ‘as followss

Elevatlon, crest of spillway .;4.;..;. cieedteeeny 12, 0
Maximum head on spillway from spillway design flood 11.1

Freebo¢rd requirement R N A
S e 39&
_Adopted Qlevamion for top of dam .l.f..qi..uhfh.ff, ?30 0

The gustification for reducing the theoretical height of dam
to the nearest foot is similar to that described for the ini-
tial scheme in the next ‘paragreph., The head on the ultimate

-
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- voir area’ itserlf.

" of thé.true. inflow hydrograph to the reservo:l'r'"._ The modiﬁca-
tion of ‘this basic unit.'_.graph to__ obtain B! *unit gm.ph apylii,q,a‘ble

" careful consideration has beén given'to the influence of the

*

splllWay of 11 1 feet was® arrived at by routing the selected

‘spillway flood peak inflow 77,600 c.f,s, through the 1ncreased y

sarcharge: storage obtaining 2 peak: spillway discharge of

4o, 200 ¢, f.s.‘

the spillway ﬂoods ig the Lm__, ;
to represent the summation of all the varioas in
enter into the reservolr. The discharge in the pon.toocook River
entering the reservoir at.Peterboro: represer;t -the run=off from
120 square miles, or less than 2{3:of.the. total drainage area,
The remainder, or:66.-square miles,:consists.of: WAy, samall trib-
utaries entering - the reservoir f ; S A

for use wi th the hi
in 3 hours

unit graph in peaking ‘the spillway design flood and since the
surcharge storage of the reservoir is so great that the pool
elevation is more sensitive to- volume ~fluctuations. (raee, Pdate
1-15)" than to peak: considerations, i%:is felt that th =unit

sidered too remote: fo. reqiiira
severs reinfall,  The effect of increasing the.volqme of }he.,
flood hydrograph has more effect on:.:the:height of: surcha,rge

. than peaking the hydrograph with constant volume,. bat. it

is concludeé. that any assura.nce f,actor for greatgr atorm

: , (3) The theoretical top of dam should be elevation
724,33 however, it is belisved: that: the establishment:ofiele~
vation 724,0 18 permissidble dus to (1) the extreme improbabil-
ity of all design criteria occurring simultaneously, 'shat is,

LIS

| ‘I'.-ll}“ .



. PEET Y PR

full reservoir at the beginning of the flood, outlets inopera-

tive and hurriceng wind at peak. reservair stage, andi{2) the
reduced -effect .of Mountain Brook and-West Poterboro- Reservolrs™
on the design 3,006 -as described in the. following paragraph. ©

-

- . {}#) Although Mountain Brook and’ West Peterboro - "
Reservoirs have been meglected in determining the basic spill~=
way requirements. for Bennihgton Reservoir, =@ study has been- =
made to ascertain the: e¢ffect of these ‘two -upstream’ reservoirs’
during the: spillway:design flood,. Such an analysis'of theso . -
reservoirs is.difficult, for the adopted nit graphs ‘utilized
in deriving the splllway design floods for each particaler :
reservoir are based on synthetic methods using sdlected co-
‘efficients, hence.the ‘anit.graphs aré not. correlated negesw.
sarily v;i,th,.each;chez_:.;‘=-Gonset;uently,:.--i‘nstead~of hesing the .
_modified.inflow to:the, Bennington Reservoir on'the suwpmation . . .
of the Mountain ‘Brook:and West-Peterboro spiliway ‘discharges’ . .
added .to ;the. run-off from-the 128 square miles of" unéontrolled-
area, _the -analysis has been made on the Jbasis of detexmining r -'"
the differences.in the prebable discharges from Mountain: s
Brook and Nubanusit Brook with -and withoub the respe ctive
reservoirs and . then modifying the selected ‘splllway design -
flood for the Benmington Reservoir by these differenmces. .. .
This method is. shown.on Plate 1-17. Inflow. hydrographs . v
were constructed .for both:the Mountain Brook and West Peter- .-

boro Hesérvoirs using the limiting rainfall values for 186 . -
square miles and their respective adopted unit graphs,: These
natural-inflows were then considered as occurring (1) without ..~
any flood control.dems and (2) with the dams. The natural ~
and modifisd -inflows to .the -Bennington Dam-wore. determined . .00
from thegse natural and spillway discharges from the reser-

voirs. The shaded areas on these hydrographs represent the
differcnces in the natursl amd modified iaflow to. Bennington
B_elqe_::'vuqi_-r..:az.;d,’qdnseq:t?@ntly the ordinateg of the selected
Pgeqningﬁqo;ﬁ spilluay design flood were modified by the ordi-

nates of the shaded areas., The effect of Mountain Brook

and West Peterbore is to reduce. the peak inflow. to. the . ... -
Bennington Beservoir: from T7.600: ¢, fes. ta 68,000 ¢, F o8y R
the spillway. discharge from 45,900 c,f,s. to: 42,600 e, £y80; « 1o e
and the. reservoly: stage from elevation 716,8 to 1648 v 0 7

e ot U e e
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RESERVOIR DESIGN FLOOD

eén” &etemined
8ol ' ; at;i.bn's '

of actual’ flood" comitions tha.t the sai‘e channel eapacity for™

the reaches below the proposed dem is approximately 4,000 ce

fese The ems’cing deoms can safely disgherge ligher flows, but

the river below Benningbon ie flat ‘and slngelish "ahd”"floods _

greater than 4,000 c.f.s. in"'date 1ow area.s'a.nd.'end.anger some'-'-""-

e prcsent conse vation pond level maintained
the existing Powor Mill Dam will bo contimied by gate QPGTﬂ” o
tion. As the top. of fla.mboard.s at thc _‘Powder 111 D3 B
clevation 678415, . AN 0%

- from conduit inv
will be elo
for the Benning«’co_‘
Bennington .Re.scr ] )
flows and case }hc Tu,:OlVOl '

678.2 the ghtes w:.ll oo opone _in the zolloud.‘ng sequ.ence

Reservoi.l stabo, 678.2 « 1 gate gpen, s‘borage 0 o
‘Rogervoir stage, 680 = 2 gates openy storage 1,000 ‘aets
.. Reservoir stago, 682 -3 zates’ open, storage 3,000 aefs
3 scrvo:.r ‘gtdge, 68)-1- f 4 aatoa open, storage 5,000 u.f.‘

The discharg e ‘¢o ac:.t :’of cech condngi :‘;’"E thi
Plate III-1) 'ig 400 Cofese with ipool It
cofese with pool s, oldvetion 68 hence, the” ‘total capacrby

of 4 gatos open with rosorvoir stage 58U ig 2,280 '€Vf.ss” At
full pool, spillvay crest clovation 705, the d&ischarge capa~
ity of the 4 conduits is goproximately 3,700 cefess Thc two
additional gates will be used for emergency purposes and for |
emptying the reservoir following o floode The additional stor—
2g0 provided by Mountain Brook. and.. West Peterboro safely. pormits

I .16
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flex:.biln.ty 1n ate operat:r. o3t to further d,ecrease the dwrrstream
flowsy;2nd conseqlently augnent, the. i‘looa control’ benefitge - : Lo
If the flood iz of "such -megnitude . 'bhat e 23 scharge from the
uncontrolled tributaries cownsbresm. from the Beriingbon: Dam
exceeds;the spfe discharge eapaclty “of thé Gontoocook R:Lver,
it is "oronOSed ‘to- cLosb %wo nmope. gates, $hus J.eaviﬂg two ope"’l,
in the Bemnn.;_,ton Dem to decreasé the &4 seharges - Ordinarily. -
this procedure: ¥ill reduce Fhe. chscharga from aboub 3,000 £
1,500 cefess Thid proposed Rethod "of: c)pereftltm is interre- ..
1ateé. with a -oontemplated. schems Tof all ‘tHe: resérvoiws in
the Morrimadc Liver Basin is.ihich ib is, pelleved that more
complete flood coptrol can be obtained b;\,r I‘eservon' operation.
%o d.esynchronize :ﬁ‘lood flovrs from vhe, ;oscrvolrs and the un—~
‘controlled tribufariess’” 1115 method ncccssamlv uill remgiire
a carefu.lly cborc.ma’ced <‘y atiem of comnumf' atlons nd weather
;orecasting. Pperaf;: 'owal axporience. nay . mﬂic*a.te in the future
that -some I.Lot:.l"‘lc a.tion of tlie -sromse& mcthoo. mey-‘be dcmrablo .
but it is boliovcd uha** Ehoveb ¥ gatcf}. ou’;lot§ Wi prom'lde suf-—.
flca.onu flcx:;bl 1ty f‘or ang och atn.ng crltcma. L

T

Flooc’i‘, onbro‘l Storggo ami Rercrvo:.r "‘Foct1veny53mw;-

It the Bannj.z;g’tnn Eeger'v.fmr is ubilized a8 ¢ simpYe retart— .. ..
ing 'basm ity four ‘gates TeDen: tqrou..gmut tHe £1o6 8 periol s .
in conj,unctlon b B ‘Hourtain Brook:.and Uest Peterbore: Reser»-;_ .
voirss it has beed deterningd i‘romr routi.nb the ‘reseyvolr d.e-r, .
sign flood (Moreh 1936 ¥1lodd): that only . %0,000" aigre~feet of .
storage.are niilizeds The ontlet Llscq?rge Curing -the pea,k

. of thye *F'.qud 1s a-*)rrrox:.mau gly. 3y000: cefose “he pvonosecl nethoc‘
of oner'at:.on, nowever, ag degeribed in e *‘;recec;.:ng naragraph,
ig based on reducing the reservolr c1scharge tuping the Deak:
of . the .flood .to obtrin additional Soviistresm fload. control
venofits (oe Plates 115 and-I-19)., The storage necessary
to safel.f gontrol the roservolr design flood with this prow
posed. method of zabo opevation is- cc‘bc’rmlncﬁ. to be epwroxi~ . .
mately. 60,000 a.cre-—xc.cb, whieh rcsu1 tg in‘a spillway. crcst _
ab elovation. 70% Thc - offegtive controlled &i scharge during
the flood peak is’™ ximahely 1,500 cefese ~The flood con~—
trol benofitis  to e é_,aand. by this gato’ ‘operation: are realized
the cntire length of the Qcmtoocook aid ﬂcrmm@ci«, Bivers bew.
caLse. She condmit s discharge ab a‘oprox:.matol‘r a‘constany, ra:bc
of Flow, tnat G ci‘fcot:we dn all the lower voachose Tor OXe
anplo, ‘at, L;mc‘lustcr on tho- Ho¥rimogl-¥ vory - bHe: Bennipgton
ROSO}.VO:LI‘ wHen uged as wa qiwglc ELAs) ding ‘oasu.n ithfour, .
ga,tcs Onen, _wouch I‘f‘ﬁ&cc the poek the 19 )t:n oot o c,oproxi-—
ma.tcly [ 000 c.us. ith: the DTODOSOQ: tc époration.during .

~tno pealr 0% the ~flood, thig:may. be J.urthér rcduceé. g apﬂrogi-

) f':a'bol,,r 1,200 ¢iTede or a tobal: rednctlion- 9t '(,200 Colage)y -
honee moking the Bcnmnwton Reaorvoir about 2OV cont: noro
effective ot Yanchestor mth tno ficxible gate oper ation schemes

I

1';-'17_



In ordér $o provié.e 60, OGO s.cre-feet; of stora.ge ¥
»'of 505000 acre-feet ----- the reqo.ireti ‘spillway erestiis: st évar-:
tion- 705.0 insteéad 'of 7024%, or e differenca in height of 2.5' .
feets ~The following tabulation 1ndicates the cost analysis . .
* of constmct:.ng Gams to these two elevations a.nd the relati.ve
cost of th flood ' L , .

ElEV. 70500
' 702-5 ;” 2. 000 R
leference $ 130 000 10 ooo A.m

" The small. é:fference' n*total costs is éne toﬁ heu?act thax
the construc’o:.o‘ 3 : ‘on- 5

d;fferent:.al renresents stmctura.l cdsts of,the_. ;
gppurtenances almost entirelys - The gmall addition “cost forr
V10,000 abrewféet’ oF. storage. to. provide: flearioil:.ty of ‘reser-
' voir oPeration wilth the’ resu‘lting Increase in dovnstream -con-

trol justifies +he.selection of crest elevati on ‘[05 for the:
mitial c’tevelopment 8 ‘ A

(1) Tno conscrvation pool nrovm.es & cons ans’ hoa.d_ '.;: '
_ on the conc‘iuits and ncnce o;Llows o higher rate of rosarvoir
mschargo dur‘- ; A5 :

| g of A £l
'bhe consorvation storagc to "be utid

N . p .7-“‘
: :chcl *"‘or i‘looﬂ. bon‘brol. S

, Comparativo reeults of the mllot:a,tlon of flooc?. cotitrol |
".' atorage in’ the: 1n1t1c;l. -and ultinatoe: clovelopmonts ot the Teser—
L yofy: design flood is d.iscussecl :E‘urthc“ in pa ra,,raph x and 1s C

‘ iliustratea on. Plaxesji-is end: Inao. ,;.‘.__

Effoct on: 1936 and Yoz YFl’eg._g_.- The: two -seve;
f’loocls of * Tecord, - occur:t-ing in°Narch 1936 ana’ S'ept” ber.
“have ‘béen wsed ‘as roservolr’ design FLoots 4o chock tHo! a,do-
aacy -of Bhé storage, desigh chscharge,' and “the propose&
nethod oft” oPercutJ.on. "Phége two Tloods DProve to be idesl’ ‘o
amoles, for ‘one (1936) is pracﬁically 4 three—peak: floorl with

o Yargs volume of mn-off, while tho second (1938) igvar single-




peak flood with a higher peak discharge than the firsbe The
hydrographs of both floods are based on ob served peak Aig~
cherges 'with the -shepé and volume of hydrographs determined
from flew records on other comparsble riverss Although both
floods yere reconsiucted, provision was made for the effech
of velley storage by back—routing the Bennlngton hydrograph
through the valley storage-discharge relatd onship to- obtain
the theoretical inflew to- the reservoir resche The effect -
of Mountain Brook Reserveir on these floods was disregarded
as the drainage arca controlled is so swall that the effecd .
at Bemnington can be neglecteds However, the reservoir ine
flows have been reduced by the effect of West Peterboro Ree. -
sorvoire The not inflow floods were thén ropted through-the -
gross storage to obtain the reservoir discharge and stage
graphss oo o

Plates I-18 snd I-19 show the ‘efféct of ‘the initial de-
velopment at Beanington on the 1935 and 1938 floods, And
Plato T-20 shows the effdet of tlie wltimate development on
the 19%6 floode &1l reservoir discharges are based on .the -,
prescribed method of regulapion with gate operation daring’
the peak’ of the flood for ddsynchronizing the flow from the
reservoir with respeet to . that from bhe Bownstrean tributeor .
rios, ~THLS 1lluspratéd nothod provides the op timum utiliza~.
tion ‘of tho flood.contrel storsge with maximum dovmsbream . .
vonefitsse Yo stfampt has been made to adjust the gabo operas-.
tion to rosult in & full reeervoir without any spillway dis~

cherge,. bub' operation has voen based on the assumption that. - -

the rogulation was detormined from the deily development of;:
the flood without definite knowledge of its megnitudo or &u-
rations .1t 18 1o be noted that a small ~spillwey dischargo;
occurred in the roubings of the 1935 flood- in both the ini=
tia1l =il ultimote dovelopments vhich had no appreeisble of-
foet on the downstrean Flowse . The following table summnrizes
the cffect of the reservoir on:these floodss -
Initial . Ultinmate
. Development™ Developmont

193 9% 936

Notural’pesls 8y Beshington dn' UL T 7o
CoTage 593 % U a ey o o e e s 713,600 15,400, 13,600
.Rcservoii*'Pin‘fl‘ow_:ailawiﬁg for T
valloy storagt in cefede; Teie ‘:16‘,50.0 18,000 _f.}.6,500. .
Reservoir i_ni-‘léi& rediced ¥y West . T
Petorboro Eoservoir in Cefes.. 14,500 14,700 , 14,50

~
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Volume of Bennington hydrOgraph

in inches ;-.'.“- ;,1 : _"' .‘3112;di;;l;f§Hﬁ¥ff“;1;1239 ' .

Duration- of flood in days ,f:‘ 1jf
Effective Controlled ReServoir : ”fi_fﬁ:?;;fh;:ucALg’
d1scharge during fl¢od Ve e .ﬂ5116gjw;2:j72000yw
Maximum reservoir discharge 1n o : S ‘”'u_ Lo
¢.f.s. during SIPYYANE 4y g o 4 _Booo . hooo . . kooo
706,07 oRil 729

Maximum water ﬁurfade elavation

-:Flood controlwstorag
in acre feet

The comparison and effect_veness of the propose& 50 000
acre feet of“flood control’ ‘storage in’the uitimete: development
with the 60,000 acte’ féet in the' initisdl: 1¢ shown aléo on -
Plates <18 and.I~20.". Due to ‘the. higher available head on the
conduits in the- ult;mate scheme ‘the Teservoir sutflow: is great-
- er in the-early part’ of-the flood: andfcbnsequsntly-does not re~

v

quire utilizationof storags 4o build up; discharge head.. It is’ <’

to be noted ﬁhat. although ﬁhere is ‘sonie. difzerence An. thls
method of gate: operation, the: maxtmum resarvoir stage of ‘the
initial developmert is-1.0 Ffeet above the crest of the spill-
way and only O 9 feet in the ultimate ‘  o >
z. Time for Emptying Reservair, Plate I~21 shows the
time required and the proposed procedure for emptying the
reservoir: following & flood: that has filled the reserveir to
spillway. eresty It 18 assumed: that the same flood that has .
filled Bennington Reserveir also has filled lountain Brook and
West Peterboro. Reservoirsauhence,.the inflow to Bennington
during the emptying period includes the discharge from thesde .
two reservoirs in addition.to the flow from the- unccntrolled
area. It is assomed that ' the" propésed operation’ of Foiir gatés
open will be maintained for several days following the flood .
crest in order to minimize the flood. flows downstxeam. an& to
keep the discharge’within éafe channeél chpicity,” Mhe fifth
gate will then be opened followed later by .the sixth gate,,
in order to increase the dissharge:to thé ¢hannel! capacity.
The recavery of available storagé followlhg thé period 8f a
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full reservoir is shown also on Plate I-21. Two inches of
storage will be. revavered ;n approximatcly 6 days, ‘while half
the roscrvoir gapaoity (3 -inghos, j@ oRo %crprqct) will bc _
- availcble inopproximatoly 8+ -1/2.d4ys.  :The rgaorvoir will- be{ .
cmpty in 15° days.: It.: 1sjconsh$elcd -that this. rate.cf: storege: .
reeovery is mdaquate protacbioq Tor the: posaibility of a. .
sccond flood, - Thisg prohection is eubstpntlabed: by the. effect
on the 193p. flqed,(Platq 1118)wh1ch ie proctienlly & three~ .
 storm flood.s Ib:is.- .obvious that.with:the inflew nssumptions -
indica tod on‘Pl,te 1021, the Bonnlngton Reseorvolr As. dls— _
charging. the totul, _volune storcd dn Mountain Brook wnd Wost
' Petorborg, Reservalns, as, well s thot:in the Bennington o
Reserveoin, which, results “in.a tot 1 of. 78 000 acre feeb pass—-.i
-~ ing through ths conduits . in. the indicntwd time: In cddition
to the storage recovered in annington Reservoir during . thc
cmptying period, similar storage is becoming *vall(bie in
Mountain. Brook and Wcst Petcrborq Roscrvolrs..

. Effcct “of, B«ckwatcr, ' Duc to thc.largo cxpan§° of |
the Bonnington Resarvoir-nnd the ”bsenco of ony nqrrow restrict—
ing scctious, the. btckwrter ctfect of the flow thrqugh thc .
resorvoir. is. negligibla ~nd.is ok, o da31gn consideration "ot
the dem,ond, reservoir,. . Mbreover, it s o ncinoted on the. . o
curve; of r;senvoir atsge on Plgtos\I 18 ‘nd 1=20, that the
m(ximum pool elovqtion w111 ocqur scvcrml duys following the;.}
perk 1nflqw, ‘nd consequontly thc voloclty of ilow through .
the reservoir;ls 1usignificﬂnt. ‘There- will. bo undoubtedly
some brckwntcr offect i the wabex. gurfoce during. the, spill—, o
way design £lood, . but the backwrtor will.be- ‘negligivler comr .
pared with thg .aren that w1,11 Ybe, £looded by ‘bhe unmodlflcd.
dischoarges. ..  .; . e .‘m? .-.',ﬁ

AN _v 1 Pl

.-". P N o Fore

DB, Goiferdxm D(bl n Flood o Durlﬁé thc construction,'»
of the domyg it will, be necgssnry to dlvkrt the Contoogook
River from 1ts ruturcl chennel throuhh the prcvlously built -
conduits, in thg ovm1flow soction cf the dﬁm in..orgder ta pgr—nlhi
mit closure.of the nou-ovirflow embonkment scchiog, in the. ff;;
dry. The daversion will:bo- *ccomplishbd by thc qonstruction
of a coffcrd B downstreun from Fowder Mill Dam 0 1ndlcated
on Plrte IV-6 ‘In ordor to d;termlno the hczhht to. construct
this coffordnm. nI inspection was . [ de of, the bOﬂpOSltO . ,ru
hydrogr: ph, plotted :on Platos I-5,-I- 6, nnd I-7. This.roeord .
of more -than'n uuprter of a contury shows that & stoxm caualng
n dischar F24c) of.- -ore -than 5, 000 2. f.5. ﬂt thc Bcnnlnbton dan
site 0ucurrcd only four tlﬂbs.. It wws aecidod Yo route “the . .
storn of 6 Agril 1923; which wels. the quinum sunmer flood dur~
ing the periods.of record at Elnwoed, {with.. & peak inflow ab..
drm site~3,200 ¢;f.su)yend the stem.ef gk June Agul(peak_ in-~- . .
flow at -damsite 5,100 ¢.f.s.)throush-the eix qpen. cenduits L
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of the dan The sterm of 6 April 1923ewhen raubc :
pool clevation -Of 68130 -and” the' storm” ofs2l Junes ol
routed resched pOOl elevdtion 683:8% It wns:docided to . .
build the:coffordam to- olevationfﬁsﬁ Allowing:Li2:foct of - cin
fre board over the: ﬁrc&terbpool elevation.: -The': diacharge : 15‘?*~
capscity of: the. six,ccnduits with pobl at:elevation 683 3

is appraxinately‘3270 c.f.87 . This height is considered

ample to protect the_dofferdan ahainst overtopping by any

‘heavy freshet’of norn '”xp'ct : ynetre

- dam with top atielevation:6y
feet of freeboard: with & tegnarge: of: 3300 7¢.;

the flashboards on the Monadhock ‘Powér Dan: £ 1lio . .
lensed, or about 1 0 foot o; frooboard if the: boards are-
not renmoved. S ' : S

bb. Staﬂe Frequcncy Gurve (Pl b 1-22) -‘A study was.
nade to ‘deternine the probable regervolr stape oqpallcd or
cxceeded in o &esignated ‘numbér.of ‘years,'
two distinct: ‘stops’ were: required*ql(l) to,'onstrue-,
al discharge volurie' frequeﬁcy curve: £or-+he Boni f" = T
gite, ond-{2) to construét stage frequbncy for! the ‘regers oo i
voir which is o direéét" result of ‘the inflowivoluns:v: sAvERle
- »ble strean flow data oii: the Contoocook'Rivor in the vicinity -
of BennlngtOn. requircd for the firstigtep, is 1in1ted to
,uf(draina@e ATEB, 168

$q. i, ) fron October 191? be Soptenbcr 19244 LNo-lakab

s’ P ' seouse of the ek

- ; _obceok*Rivem‘ A%
was neccssary to utilize rccOTdS"Gf ﬁn adaaconbawatershed
The Souhegen River at Merrineck, N. H, {(drainage area =
171 sa. ni.) ‘with regords avnileble from July 1907 up to
the present tirie was- Séloctvd for. this purposei. . Comporison
of the Elmwood records with 'the concurrent Souhefon. River
records indicatcs that dlffcrances of considerable nagni-
tude frequently occuf An cénparoble one: day volurcs, how- .
evar, conpsrnblo naxinun Ywoi dng: volunes! from the two.
~ drainage nreas chock vory closely.u It,was -6, 180 deternined
that the reservoir’ stsge is &opendiont! prineipally:on: vol-
une, and ‘that: tié typeiof- hymrohrsph. that 4e o flash
f£flood or o lonb.flnt flood, hes 11ttde: influence on. thc
reservoir stage. ' It was ‘therefore. concluded that . qtrean
flow records at Merrin"ck, ¥. Hey nodified for the Ben»inﬂ— -
ton drninege. nrea could be wtilized: : Froi thege datn, a RYTES
. two day, volune frequency Burve wos cconstructed using the. oo
fornuln; y = M/n_- 035, inswhiich '3 5 the probodility of -
oceurrcace in- yoers, M= the yoﬂrs ©of avnileble: recards,
and ¥ = the sunnation 6f. veourrendesy. Sevoral, flocdg:of
conputed frequency werc then'routed: :phrough: the Teservody .
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to obtnin the naxinum rescrveir stongzge. As the finnl method
of gnte operation is uncertain, the reservoir routings were
breed on the asswiption that the reservoir was o simple ro-
tarding basifh with Y gates open continuously. The results
of these conputaticns are plotted grophieally on Plate 1 ~ 22,

~
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WAR DEPARTMENT

CORPS OF ENGINEERS, U.S5. ARMY

3000|— 3000
. ' j
‘2000 - 2000
7
X A
1000}— " 1o00
;
" — 4 1 3
o Y T T 7 .1 T —y— Ly T . . : ; ’ . o
b2 T b2l boao | 020 oo | oo | od0 | oo | lozo | a0 | 020 [-1020. ] o2 lo2o| 020 | 1020 | wao.[ 2o [ 1020 | 1020 | 1020 [ 1020 | w020 | 020 | w20 | fo2oy 1020 [ 1020 | 1020 [ 1020 [ lo20°] ®20 | 1020 | @20 | i020 | 1020
JAN FEB | MAR | APR | wmaY -} JUN | JuL AUG | seP ocT Nov. | DEC | Jan FEB | MAR | APR | MaAY | JUN | JuL | AuG sep | o¢T | Nov | PEC | UaN FEB | MAR | APR | MAY | JUN JUL AUG | SEP | OCT NOY | DEC
. AL 1918 ' 1919
2000 : - 3000
2000 — " 2000
" -
' 5
1000 I i 1000
N
Ly (o} . . _ Q wn
] 020 | o3| 120 | lo2o | 1020 | to2o | w20 | to'20 | iozo | w20 | w020 620 | foZo | 1020 1020 [ ip 20 1020 | 1020 | 1020 | 1020 7| 1020 | 02074 i020 | 10 020 | lopo| 020 | 020 | 1020 [ b20 | o2o | tozo | lo20 | ©2o | 1020 | 020 =
z JAN FEB | MAR | ARR | MAY | Jun | JuL AUG SEP | ocT | - wnov [ DEC | Jan FEB | mar | aPr | mar ] Jun | suL | AuG | sep | OCT NoV | DEC | Jawm FEEB | MAR | APR | MAY | JUN JUL AUG sEP | oCT | Nov | DEC
z ' : z
i 1920 : 1921 1922
& ) w
< 3000 Peak 3225 C.F.54 eall 6100 C.AS. g &
2 ' T
D =]
o w
n
2000 2000
| & i
1000 1000
1
2o | 20| 1020 | 1020 | tbeo | 2o | 20 | 020 | togo | 1020 | 1020 | 1020 | toz20 | 20| 020 | 1020 | 020 | 020 [ 1020 | 020 | w020} o2 | w20 | w20 | fozo | loZo| wzo | 10 0ze [ fo20 ] tozo | 020 g 20 | w20 { 020 | w20
JAN ree | owmar | Apr | omax | ouun | Jul | aug see | oct | Nov | DEC | Jan FEe | mAR | APR | may [ Jun | ouL | AuG | .SEP-| OCT Mov,| oEc | van FEB | mMar | APR { MAY | Jun | JuL AUG | SEP | ocT Nov | DEC
923 1924 : Note': 1925
ak 5500]CF5.— 7] Hydrograph for the Contoocook River et Benmanbq MNH. has boern Wrwcfed
3000 | 3000 a"roa;‘:ljhe stream—flow records of nearby LS Gaologice! Survey Saqmq Stetions
as follows i
1 t Dats from Sept 1917 fo Sept 1924 - Prorated From Elmwood, M H. Goging Stetion on the
7 - Contoocook River: .
2 2 Data From Sept 1924 fo Oct 1939 - Prorsfed from Soubeqer River @ Merrirmeck MH, |
3 Remeinder of records prorafed from the Cbnfaocook River &t Henmtcz:&ft ;
- 2000 2000 Mminus North Branch near Anfrim, MH.
| W Ml MERRIMACK VALLEY FLOOD CONTROL
B . CONTOOCOOK RIVER _
STREAM FLOW HYDROGRAPH
1000 000 AT BENNINGTON N.H.
1997 -1927
4
4 . oilions
oy Y o —
W20 |20 | 1020 | ao | 1020 | lozo | 020 [1020 |-0z20 [ zo | 020 [ 1020 [ 020 | 020 w2 [ 20| 1020 | 020 | 1020 | 1020 | 1020 1020|1020 |0 20 ¥
JAN FEB | MaR | APR | maY | JUN | JuL | AUG seEp | ocT NOV | DEC | JAN FERB | MAR | APR | MAY | JUN | JUL | AUG- | SEP | OCYT | NOV | DEC T O
NG, CHARACTER DATE AFPRTY . . RY
1926 1927 REVIBIONS [ 2 | FILE NO. MI9-13/7
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WAR DEPARTMENT

CORPS OF ENGINEERS, U.S. ARMY

3600 3000
2000 2000
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1000 i 1000
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2000 2000
1000 1000
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. o
“ ' w
Y 0 - L <
o 020 | I I I b 20 | 10 20 20 | 1b 2o | 10 20 waeo | wzo| b2o| 2] bZo | bdo| bdo] o | oo | 1020 | 1 1 20 | 1 20 10 20 [ 1 I 19,20
> JAN FEB MAR APR MAY JUN JUL AUG SEP [o]}} NOV DEG JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV JAN FEB MAR APR MAY JUN JUL AUG [ NOV DEC =z
w 1931 1932 1933 lg
e Pebk 6952 G.FS. TMiar.13, Pebk 4400 GE Mar. 20, Feak 5281 G.FS. 000 5
g 3000 |Wor.18,Petk 13 500CF S, Mar. 22, Peak 5841 §.FS. 3000 %
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: l ' :
= | .
|
2000 | : 2000
' ’ )
1000 1600
R \ ) | 1
L Y Iy i i
Sa— 3 'y
(4]
° ] 1 0 I (] I | I 0 1 1 0 10 20 I (] { (] | ! 0 | 1 (s} 10 2 10 20 | b | | 2? 1 | 20 10 20 10 20 I (o] K 1 i 10 20 1 i0 20 |
JAN FEB MAR | APR MAY JUN JUL AUG SEP OGT | NOV DEGC JAN FEB MAR APR MAY JUN JUL AUG SEP oC NOV DEC JAN FEB MAR | APR MAY JUN JUL AUG SEP OCT NOV DEC
1934 935, ' 1936
3000 Peak 4525 CFS: Frein | [Sept.22, Pock 15,440 CFS.
HO00CES| 3000
2000 2000
MERRIMACK VALLEY FLOOD CONTROL
CONTOCQCOCK RIVER
I i STREAM FLOW HYDROGRAPH
1000}—4 k 1000 AT BENNINGTON N.H.
l . 1928 - 1938
1 U, S. ENGINEER OFFICE, BOST
VAL RECOMMENDED:
o Q20 { 1 - 1020 | 10 20 20 20 | 1020 20 | 10 20 T 1w o 20 [ 120 | 10 20 20 ; I ' 19 20 20
JAN FEB MAR APR MAY JUN JUL AUG SEP 0cT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC L X
— . - NO. CHARACTIR = ] ; . WY
1937 1938 ' iSRS Ceedt FChee [FE | FILE NO. MI9-13/8
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"WAR DEPARTMENT : : S - . CORPS OF ENGINEERS, U.S. ARMY

Peox 3520 GFS. — . —1 : : i ] 5 ] j
' i - 2000
f
1000} .
T ~1000
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ey w
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- JAN FEB MAR APR MAY JUN JUL AUG SEP oCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NQV CEC JAN FEB MAR APR MAY JUN JUL AUG SEP oCT NOV DEC ;
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1942 - ' ; 1943 ' 1944
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WAR DEPARTMENT CORPS OF ENGINEERS,U. 5. ARMY

Compu*e%b
Date ~2Ter . UN!T HYDROGRAPH DETERMINATION
STREAMk,,Qggtnocook Biver _ _ LocaTiON _ _ Bennington, N, H, -
DRAINAGE AREA ___188 sq wmi
STORM OF __June 24, 1944 pRePARED By __ Bostan  prst.  FeBe ppv,
AV. RAINFALL 5,807 IN.;  RAINFALL-EXCESS 238 iN;  F,, _0:08 _IN/HR.
b 20  mi; Leo—.. TaT0. . mi; (LLgo)®3 __ZeD0 R ¢ - S Lm hrs:
LAG(1)p) 264B_hrs; Cyq 5,78 _ g p10e3  cfs/sami; C,640 __ 268
LAGHcmp) 2858 _hrs; wyp TLe9 _nrs: w, 292 hrs; SLOPE __
- OBSERVY JUST :
OBSERVED |ESTIMATED| STORM 2 HOUETEED A% HOUERD REPRODUCED
TIME |DISCHARGE [BASE FLOW]| RUNOFF UNIT UNIT STORM
C.F. 8. C.F. 5. C.F.5. HYDROGCRAPHIMYDROGRAPH[HYDROCRAPH
C.F. S. C.F. 5. C.F. 5.
700 | ]
— 740 | 740 o[ oo 0 Kl
24 8§ 900 740 160 330 460 960 |
1480 | 740 .40 915 1060 1630
Z320 750 2620 ; 1486 1530 3520 |
I 750 4110 | 1835 1880 | 4730
 2h H _BOso 750 _4zan ¢ 1910 1510 5180
b 439 7RO | A2A0 | 1820 41760 B1O0
| .Ml .. 4680 75D 3930 | 1s10 | 1560 4780
1 4m0 | 750 3660 1 1420 1380 43
26 B L3310 | 740 33170 1 1260 i 1210 3900
| .. 2480 | 't30. | . 2730 | 1086 1050 3480
M z100_ | “mo_ | o390 | 938 | 900 3090
2790 700 2090 | 796 | 760 | 2980 |
27 X 2480 690 1790 | 620 640 2490 |
[ 2270 .. ... 660 [ . _15%0.] 560 | 530 | 2230 |
W 2010 [ e 1260 | 455, 430 ~2000
1820 830 1200 360 2340 1820
| 28 W | 1680 810 1070 |...280 260 1670
.| 16560 800 960 | 206 190 __*15_59*_,4
M 1480 580 870 130 116
1340 | 580 780 70 42 1350
| 20X 1280 540 no 50 28 1280
11.60 B20 820 | _ 40 22 1160 |
K 1060 510 550 30, 18 1070
980 490 480 | 20 12 980
| SO X | . 890 480 - 430 15 8 890
800 440 360 10 7 810
L M ®d | 40 | 00 290 B 3 700
_mﬁ_a% 220 | 4 2 "800 -
1N {540 3 1234 { .3 2 830
___4B0 350 110 2 1 458_ .
M 400 330 L/ N .. 400 |
380 210 A0 350
300 | 300 I 300 |
S S IR _ T S
- - R - S —— Ca
da . o _— —— ]
FILE NO. M 19-i3/10 PLATE I-8
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WAR DEPARTMENT CORPS OF ENGINEERS, U. S. ARMY
Computed by BeLePo
Date Mare 1940 . NIT HYDROGRAPH DETERMINATION
STREAM_ Contoogook River  _ LOCATION _ Bennington, N He
. DRAINAGE AREA __186 _ sa ML
STORM OF Septe. 1938  ppeparep B8y | Boston ~  pist. N E. _ piv.
AV. RAINFALL 9281 N ; RAINFALL-EXCESS T.40 IN.;  Fu, 0.06 IN./HR.

Lo20  mi; oL L TeTO0 miy (LLo)0?.4e83 . .. B hes:
LAG(IpR) 2828 _ hrs; Cyn 6430 ; qu_lZJ._.__ cfs/sqami; C,640 _ 347 _
LAG(temp) #2822 hrsy wy, 4700 hrs; wy, 2644 hrs; SLOPE . ..

: OBSERVED | ADJUSTED
OBSERVED | ESTIMATED| STORM 6 HOUR | 3 mMour |TEPRODUCED

TIME | DISCHARGE {BASE FLOW| RUNOFF UNIT UNIT STORM
C.F. 8. C.F.S. C.F.S. HYDROGRAPH|HYDROGRAPH|HYDROGCRAPH
C.F S. C.F S CFS.
i910A 1 | o B
4P | 1000 | 10Q0 Y 0 - 1000

. 4F b 10O 0
- 10P 1550 1000 550 868 1175 1800
4A | 2200 1200 1940 - 2130 2750

20108 | 2900 "1 1900 | 2195 2130 3900

. 4P| 3850 2850 | 1675 1530 [ 5300
_10P ] 8100 4100 1200 1100 >

| 4a 1 6900 - 5900 870 1. 800 8650
231071 1000071 T 9000 71T U680, T U570 T 1000 |
4P 1718750° 1 77T 12750 440 —._400 12900

| _10P | 15000 . .| ... ...|.14000 __} 286 | 260 | 14300.
| sal 38000 L . ] 14000 1. 210 1 190 14650
22108 | 14200 L ] 13200 leo 1120 15850

- 4P | 13500 .....1.12600 85 12450

10850

B350
7100
6100 |
5250
L. 4P | . 42560 3250 9900 |
. op| 3600 | | 20l 1 | 300 |
25104 | 2550 1550, _ |- 2360
[ 4P| 2100 1100 1950
10P | . 1700 700 . | 1880
J&al 1300 | 800 .| 1250

1
1
r
H
{
L
i
;
|
%
1
|
]
i
g
i
|
L,
tn
=t i 13
Nwmmogo

R S F— S SSUUPS R o

S SRR e e e e N —
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i e —— T S
1 Inch Bun-off in 3 Hours i _
: S e - BENNINGTON RESERVOIR
ANALYSIS OF UNIT HYDROGRAPH = DRRIYED EE S
_ UKIT HYDROGRAPES UNIT HYDROGRAPH VALUES
| , , FOR B
—7 S 1l  BENNINGTON RESERVOIR _
- | SYMBOL EXPLANATION UNIT |} JUNE 19uh { SEPT.193g [ SEPT.193 SESE== NS SeEn i L b PIME  GRAPH L GRAPH 2 GRAPH 3 R
SR . OUDFPLOW OUTPLOW INFLOW ;__vi_“‘l / = ; IS iy o R et Heur CofoSa CeleSe CofeBe
EREe ammmm e U iz , i i -
Dedo Drainage Ares Sa Mi, 186 186 186 =g S SR e R ‘ 1.5 300 300 300
" - _ i o = : Az Eanan: 3 850 700 700
Storm of June '44 | Sept. '38 | Sept.'38 [ = ! 3 - 4.5 1180 1200 1300
; / RO = EEEsr 6 1500 1900 2100
Re,e)  Total Welghted / : T sk 7.5 1880 2650 3400
ave B i RF I i AN .T@rs y y | i
‘ asin n. 5.80 9.91 9.91 o s a2 7 ' 9 2250 3650 5700
. Re Rainfall Excess In, 2.38 7440 7.40 SRE== = l Ba : g 10.5 2500 4740 6600
' 2] : | : NS - N 2800 5220 6250
Plave)  Infiltration In. /by 0.082 .056 056 e = =Rs 1.5 2950 5300 5530
_ : FiaEenn" : : =g 1 3 3000 4980 4630
Quax Peak Discharge - -c.f.s. 5,100 16,200 | 18,000 $Eit A Seagass e s g.s gfgoo 4500 3950
L f—r S g 50 3950  337C
a Peak Discharge o : s 7.5 2600 3350 2850
per Sq.Mi, c.8.m. | 27.4 81.6 81.6 #y . S eemkE ! 9 2500 2830 2450
L Length of Drain- ===t : , e e e s 16.5 2400 2470 2120
_ age Basin Miles 20.0 20,0 15.4 ; M g=zEs T ZEEs S mm=siEress. = ‘ M 2300° 2180 1850
S = e 1o @ me m
o gra y 0 - . ;“ == b + LS 3 P - R f
(LL. point of discharge Miles Z-EO 7.70 7.70 - af 1 Ineh 1 §-5 iagoo i?ﬂ 1443
. . . 5 . -3 - m——— —— ) ! !
-3 = 20 : P SR 7.5 1888 1243 ilggo
tr Unit Rainfall 8 - : N 5 . 4 9 1700 1490 1200
' Duration Hours 3 3 3 & SRS \ i ADJUSTED A 10.5 1600 1400 1150
. ST ERSY = He =, UNIT HYDROGRAFHS 5 N 1500 1350 1100
Lag(yom) Time of Peak . : , : FEs =i FOR ] 1.5 1400 1300 1000
: Concentration Heours 26.1 28.5 13!3 ‘ * : - " i ? BENNINGTON RESERVOIR 5_‘ 3 1320 1200 990
ctn Dra.inage Ba‘Sin o _— ’ - : : i : e - t i I- + 3 4 t ]
Coefficient 5,78 6.30 | 810 } S ! : ’
apR Peak Discharge of ' f L
Unit Hydrograph C,B.M, 10,3 12.2 18.1 ‘?,
Cp6U0 Drainage Basin = z, ; S 4=
' Coefficient 268 347 214 = ar, » = :
ag{temR) Time of Volume = 2 o — =
Concentration Hours 48.5 42.2 38.1 = Em - 1 R Ba SRS
50 ¥idth at 50% of : = 5
Pgak Discharge Rours o1.9 47.0 30,0 ; :
g Width at 75% of SSSEnenas SR e
Peak Discharge Hours 29.2 26.4 15.8 : ] 5
: M P e B e
Por detailed explanation of use of above symbols refer to . : :hé jﬁ e ; e e
§ "Synthetic Unit Graphs"” by Franklin F, Snyder, Transactions S EEESS oEEEmmEees MERRIMQ&&N}L%%EYREIS_SE\’%"E ONTROL
# American Geophysical Union, 193Z2. oA E=EE==s CONTOOCOOK RIVER
e Emame : i :
EEEEEEEE e SIS ,
Ee=d = COMPARISON OF UNIT GRAPHS
‘i’;‘. T f-._ . . . .
i = U.3.ENGINEER OFFICE BOSTON, MASS.
8 ; FILE NO.M19-13/16 18 APRIL 1945]
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TEESE CURVES ARE BASED ON DATA SUFPLIED
BY THE HYDROMETEOROLOGICAL SECTION OF
THE WEATHEER BUREAU., REFER TO LEPTER
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_DEFIVITE PROJECT REPORT
BEEWIEGTON',RESERVOIR .

APPENDIA iI
mXPZORATIOH GmOLOGY GONSTRUCTION MATERIALS SOIL DATA AND ANALYSIS

a, Bxploration,~ (1) Reconnai ssance,~ Reconnaissance was conducted
in the general vicinity selected for thé project location, Topography
and’ geography were studied and surficial examination was made to investi-
gate the principal -geologlcal formetions, Obserwations indicated that
& satisfactory foundation could be developed and that suitable con-
struction materials were available witnin reasonable haunling distance,

(2) Seismic E@ploratlon.n Under £he supervision of Mr, E., R.
Shepard 0ffice of the Chief of Enginears, seismic explorations were
‘conducted ab 1€ locations within the project area (Plate II-1), The
'explorations were made primarily to determine depth to bedrock, A
table of informution obtained from the investigation is shown on Plate
11-8. Some indication of the general:character of the overburden was
obtained by wave.velocitles above the'rock surface.

- {3) Subsurface Exploration.- (a) Foundation Bxploration.-
Foundation conditions at the dam site were investigated by 67 drill
" holes, 6 shallow test pits and 2 deep, sheeted test pits, The loca~
tion of explorations are shown on Plate II-1 and the logs of explora-
~tions are included on Plates II-Y4 to II-8, inclusive,  The drill holes
. were advanced uging a three~inch casing; samples of overburden were
+ obtained with a 2-inch drive sampler, and rock cores were obtained
-~ with the use of a 1.5/8 inch diamond bit. The two deep test pits in
the spillway area TUbp and T60p, were excavated to depths of 10 and 24
feet, respectively. Samples of 'each stratum encountered in drilil holes
‘and test pitg.were obtained for ‘classification, and undisturbed samples
" of prineipal materials were obtaiyed from test pits for determination
of nqtural soil properties.

(1) Borrow Bxploration,~  Borrow materials have been,investi-

gmted by twenty drill holes and 52 shallow test pits. The locabtions
of explorations are shown on Plate II-9 and the logs of gelected ex-
plorationg are included on Plate II~10, The érill holes were ad~
vanced using a 2-inch casinr ‘and samples of overburden were obbainsd
" with a one-ineh drive sampler. ¥o rock coring was done. for borrow
exploration, All drill holes were located in or. near the impervious
‘borrow area‘with1the object of determining the extent of material
‘available. Three test pits in the impervious borrow area, six piis

in the pervious borrow area, and forty-three pits scattersd within

a radius of three miles of $he dam site were explored during the
investigation. - All pits vere samplsd for classification of- the princi-
pal materinlg. - Field tests for natural denaity were performed in the

TI-1



. tend# slightly above ground. surfece. Sand and’ gravel: ha

plts located in the pervious: borrov area. and undisturbed samples

were taken from the pits 1n tne impervious borrow area for 1abora~
tory tes tzng. ,

() Observation Wblls.- Eight observation wells have been
installed in drill holes within the ‘dam site area to:obtain-detalled
knovledge of ground water conditions (Plute’ II-1). Bach observation
well consists of a 1-1/4% inch well point.end a riser pipe that ex-

‘ een placed
;toiprevgnt their being plugged by movament of
oo ; L

around the well po@
fine material. !

posed to the pervious layar that underlies ‘the till blankat The
remaining two wells are. in the spillway area and- have been embedded
“in the weathsred: granite that underlies tho till.”’Both wells in _
the spillway area ‘have-hydrostatic. heads at or, above the’ ground ‘sur-
face. :Bxospt:for the. two wells in. the . spillway area. ‘wiich were not _
“installed until: January l9h§¢ 8Ll the wells . Wwere raad daily for j”«'.
nearly two months, “Since: -daily fluctuations e: ppreciable ,
readings have been continued: ab inte(vals of approxima’; y;one week

Observatlons to date 2re. summarized in the follow:ng tabulatlon.

P

. "Ovservation Mbll Ground Surfcca Elevation Elevation of Wakter in 0.V,

_ T T o . Minimam - 7 Maximum

- p8g _._:;,ﬁn,mg‘-;695.1a o __635.h;,;1;. 689, 1
18 7 Lt ‘671°9‘Lﬁh'-:¥.'€.;ﬁ¢73 117”?}%3,;L676 5
26 . GBTN T . . BBBLE LT TU669.0
9. o BBL6. . ETeE. . 679.7
57 . B (Vo _ 689,17 693,2
66 6767 - - ' 6730 675.9
67 R -7 & 70 S o 67& 1_., ;f 675.3

{5) Pressure Tests in Bedrock.- Tuo drill holes ii the
¢pillway aresn, D66, and Dbry.indicated the presgnce of a zone of badly
veathered rock jmediately beneath’ the v1ll bodys: 66 penetrated 2
total of 4O fh. of Fock and D67 penetrated 47 feet =
of these holes bedrock was tested: for its total leakage and then 5

"feet segments of the rock were tested %o determzne the zonﬁs of great~
est Yenkage, Bach segment was isolated and’ subgected to & flow of

" water under a pressure of approximately 70 1bs, per sq. irch, D66

had- ﬂpproximately 10 feet of weathered rock that was too” soft to
jﬂllow testing. The: remainder of the rock vas Tela tlvely tight ex-

- cept for o large seam near the bottom of the holé- that "ccommodated
"o flow of ten gﬂllons per; minu$e, D67 had 20 feet of ‘dgconposed rock
* 4in which the pressure” ‘testing equipnmnt could not be'sea_q, en”feet
-of moderntely fractured rock with o total loss of 5 gallons per minute

11%2"



under 70 lbs. per S5Ge in pressure, and 17:feet of fresh unfractured
rock, Preosure epplied. to the weter at’ U67 caused the water level
at Dp6 to risé, thus 1ndlcat1pg a network of interconnecfed fractures
W1th1n a locallzed area.,. . . : : :

. (5) Pumpinﬂ Tests. %wall scale pumping tebts were con-~
aucted at 66 6hd D67 to determine the emount of. water availablc for
' percolatlon withln the zone of decomnosed rock _and to determlno the
feasibility of romoving the excessive nJerostatlc head durlng con-
struction of the soxllway L four hour test at DAT gave. an avcraga
fiow of 3.5 gallons ner minute and lowcred thc wator 1evcl in D86 a
distance of 16 inches, blttbbn heours after tho cossation. of purping
the .weter lovkl in qu hed riscn orly G inches. Two days leter
when the wetor level th returncd to normal, pumping was begun at.
D56 end obsorvetions teken et D67. Tour hours of pumpin Towered
the waTor level in DO7 g dlsteacu of 20 1rch,s. .On¢ hour aftor_thc
pumnln« ceased, the water level hed risen 5 1nchés._ ‘The results
Aindicate & limited supﬁly of watir purcolatnnv through numerous
inturconncctua fractur\s. -

»

b. :uo]ovy.» (1) ﬁcglonbl; (&) Contoocook Valluy.- The rocks
of the Contoocook Valley erc mcta“orphlc and igncous of Paleozole Bge.
The metamorphic rocks sre schists and gﬂbleOS which wore deposited ori-
ginglly as flat bcds beloy the wator surfécc. A poried of diastro-
phism which oecurrcd subscqucnt to this deposition. resulted in the
orumbling snd folding of the leoyors until thoy eppoercd at. every
sttitude. Lerge zmounts of magma wors injceted into the metamor-
rhoscd rocks, where relatively slow cooling ogeurrcd and grenite or
rulctod grenitic rocks formcd. "4 period of regionsl uplift followed
and strcams bogen the graducl crosion of the ovcrlylng me temorphic
rocks, As tho droinfed ﬂrttbrn devoloped, the strosms cut down-
werd through the, ;motomorphic rocks snd cxposcd lerge srces of 'the
grenito,  The 'grenitc wes not o durcble roek snd hes sinee boen
cffoeted by weethering to d_ptha of ¢s much os- 50 foet., 4t the
.bcglnnlnv of . the r;¥1;tocvnc puriod, tho-Conteécook Vallcy hed
been dtvolopod, eng the TLVIY WS flo.nng northward in s« bedrock =
cheane Jur:n;‘fhu Plristodonc poriod, the volloy.wes covercd by
e portion of ths conmtinontsl gleeior thot occupied Ornnde cnd the
Northern part of ‘tho Tnited Stotes. The glecdiur modlflx:.usttlng
“topogrephy by trosion rd deposition. Erosion by th. glocier con-
sistcd of hb19111n" the' porthern slopcs of ‘hills nd stcepening
thoir southern ulOﬁb&. In rddition, it scourcd tnd widencd north-
south valloys cnd tonded to decpen cnd widun srdﬁlcs trensverse to o
ite linc of motion, Dupositibn by the glocicr crusod the grectest
chonge in topogreophy. Gloeicl devosits orc of two typus: the un-
sorted, unstrotificd gleglel till dgposited dircetly from the iec,
end the sorted grsvfls, stnds, 511ts rad cliys thrt erc weshed from
the 1cc “rd dprSluhd in w§tcr. Clocinl till mty ‘consist of' &
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'avtarogeneous mixture of clay, silt, ‘sand, gravel. cobbles and bould—
ers, or soms of these sizes nay be 1acking.‘ In. ganeral the till of
the Contoocook” Vallay ‘doos not have naterial as- fine Fax: th@ clay =

-sizes in any apprecizble anmount, Most of the: till may be ‘broken down
into two clossest ¢

and silty 411
is highly’ 3table,,
" ly impervious.; It
_,drumlins, ahd as bla -V
—partially filling ther and disorgnnizing'the-drainaga systen.,f n

Imay cases 1nxerstrean divides wore buried by glacial doposits’ ‘and .
gtreans Tiow ‘Dass fron one cld drainage basin Yo another, Where streanms
' ;fthay qrp seldom in: the’ old channel

" and. clays or ‘as in tHe 2.
of these sizes. TE@se nateria.

the water slackens. The Gontoocook Vallay hﬁs ﬁhny of thése materials
H_in.ﬁhs forn“of terrace deposita, eskers,wand delta deposits.. An ex=

channel began,

o . (b) Vicini‘by of I)m Site.- In the’ vioinity of the”
.Bennington dam site the river flows through extensive. shallow ‘surface
deposits of unconsolidated sedinents which ovarlﬂadeposits of . glacial
t11l in- sone -areas as described‘in the following}paragraphs.k'Bedrock
is. deeply buried throuehou_ ' cinity except ore’ it outcrops in
the floor of the river. approximately 3/4 mle ‘d 1 fron the.
dan, . The western wall of the present. vallay 1 1P of & valley
terrace deposit oand the eastern. wall is conposed of glacial till,
,.Esker and kane deposits are conmon throughout the area.‘.

l

(c) Saurce of Data.~ Infornation pertwining to historl-

| .1ca1 ﬂnd exlsting geplogy of the Gontoocook Valley hag besn. abstracted

.- fron reports on the Bannington site regented to the Bostor District
. Office by Mr.. $idney.Palge, Beologlst, Morth Atlantic Division Of.
. fice of .the U.;8, Engineers, by Mr,.Charles P. Berky, Qans ‘
‘-Geolagist Golumbia Uhiversity, and by Mr Irving B. Grosby_ ,anulﬁ—
”ing Geologist Boston. - : ‘ '.-T.,-

o e

- (2) Dam Site.~ ( ) General,— The geology of the dan. site
is discussed in the: following sub-paragraphs according to prxacipal
conditions encountered. A plan of foundation exploration showing
location of drill holes, seisnic lines and contours of till and bed-

Il



| rock’ is shown on'Plate II-1, -(oological.profiles are shown on Plates
II—E and 11.3, and’ granhic logs of individual explorations arc shown
on Plates II-N through II-8, Plate II-8 includos a summary of in-
formation obtained from soismic 1nvest1gation. A

' (v) Zast Abutment.- Tho east abutment. of the dam and
the embankment foundation to statlon 8 + 50 1s composed of a compact

' glacial ti1l that extends to bedrock at. depths. of approximately 50
feet, The t11l veries from sandy till near the surface to silty till
‘which forms the major portion of the body. Overylying the till is a
variable cover, of silty send and gravel, Cobbles and boulders occur
occasionally in tho till and froquently in the surface dcposits.

Phese conditions provail within the ombankment area and adjacent down-
stroam area, Upstroam from the embankment’ arca the variablo surfaco
sand. dqpos1ts increase in thicknoss,

' (c) Spillway Area.~ The snillway area extends from
station & + 50 to station 11 + 50 on the centerline of the dam, The
prinecipal soil in this area is a compact sandy to silty till that exs
tends from the bottom of the surface sediments, to bedrock at depths
of 50 feet or more. The bedrock is a porphyritic granite and has a
very badly weathered capping that is much more pervious than the over-
lying till, This weathered zone varies in depth from 5 to 30 feet or
more and grades lnto frosh, moderately fractured granitse, The ground
water table is very close to the ground surface in this area and the
hydrostatic head in the bedrock under the till is slightly above the
ground surface, Conditions in the immediate upstresm and downstream
areas are essentially the same,

(a) River Channel Arsa.~ The river channel area from
station 1l + 50 to station 20 + 00 is composed of surface deposits
averaging 20 feet in thickness, overlying an extensive body of sandy
to sllty till, that, in turn, overlles weathered granite at depths in
excess of 50 foet. The surface of the till rises in both the upstrean
and downstréam dlrectlons.”

(e) Drainage Well Area.- The soction of tho embankment

- foundation from .station 20 + 00 to 30 + 00 has 10 to 15 feet of uncon-

. solidated surface sediments, . Beneath these sediments, the body of
sendy to silty $ill splits into two sections; The upper section tapers
out laterally end disappears near staticn 30 + 00;.the lower section

' dips sharply toward the west and dissppears against the rock floor.

The Zoré between the till blankets i's occupied by sediments which range

in’ permcsbility from vervious to semi»impervious Bedrock in this area

is approximately 100 feet below the surface. As shown on Profile B of

FPlate 1I-2, the upper section of till lénses out upstream permitting

roady access of water to the underlying more porvious soils, Downe

stream from the dam the pervious substratum is cut off by contact of
the two till layers,




(f) West. A utment o
bankment is undorlain by large” terr g
- which: -oxtend from the -ground. Eurface o
. range from. 100 to 150 feet, Matarials in_
loose medium sand at the surface to modarately compact silt at
considerable dqpth

rrthe Gontoocook Valley hms 1&rg amqunta of; 'lécio—fluvial material
in the form of aslers, Kemes ' and térzace, QQ’ 68 ;Thase dqposits
Vary in' .the amount.-of sorting ‘they have rocel X
#n grading and- degree: of permeability are. avallablé,JwAlso ava11~
able in the .immediate vicinity of the sitc.are massive fdeposits of
-glacisl $1ll which: are. in: general - .overlain by ‘e variable thickness
of sediments. The glacial tills in the region are descrlbed as

. sandy to silty tills, tho former belng-semi—impenviou3° the  latter
impervzous.=-Al;_are—welljgraded from gravel sizes through silt
- #lzes With some ¢ X 3¢ - The
overlying ‘gédiments. are’ quitea'ariab' 3, 4]

. sands, silty sands and gravelly ‘sands - wit cagdiona; dor
- generally concentrated at. the. surface. " 'Plate . yian of
borrow exploration :and. Plate 11210 ;s a record of seleu_eﬁ repre-

sentative exploratlons. N , .

- "G, Goa&truction Materials;~ (l) Materials Beguired ~ Materi-
. 8ls. required, for. the . comstmétion of the dam are summarized in the
. following: tabulation.;4,;$~‘ ; . , . ,

iy

]
S
.

Item " R "‘;uiik Quantlty - G Y

‘z"Compacted Impervmous e IMS ,000,
' Compacted Random .f_...i_ ST 198, 000.. ..
Compacted Pertious; . o © . 200,000
- Semi-~Compacted Random Flll . 7?117ﬁ 500
. Structure Backfill. R & A 000""
Special and Processed Aggregate - 175,000
Roc& for Slope Protection ' ¥ 90 500
e Materials Availa.ble eLirewﬁ@_g.- Required

: excavation for the cutoff trench; spzllway, gpnrcach chennel, and
.discharge . channel involves the removal of approximately 658,000
cubic yards of material,  Of this amount, 172, 000 cubtc yards (ap-
proximetely. 25%0 is strlnping anid: waste’ material " The remsining
486,000 cubic yards of materiel is considered sultable for use in
the embancment fer theefollowing puxposes.

I1-6



Item Ul e guandity - G

.Im'oervious Fill eropmET L 23,000

. Random Fi1) - . o Lo 0T 294 000

- Pervious Fill v e il 000

, Bock for Slope, Protection SRR 25 000
‘Splected Strigping for Upstream -

f Gofferdam & R 53 000

Rock for slope protection consisting of boulders obtained from
- structure excavation iS estimated at five per cent of total us-~
able excavation ' i . EEDITAR SR i A

(3) Materials Available for Borrow.- (aJ Impervious
MMW-Tmetmnmhlwﬂmamﬂﬂhswmwofmmwb
ous borrow are the massive deposits of glacial till. A total of
five different areas were invostigated as possible sources of im~
pervious borrow as-shovn on Plate 1I<0. -The most economical de-
posit and the one sclected as a source of limpervious borrow for
the embenkment is Area A located approximately 2,000 feet north-
east of the spillway location and is a. continuatlon -of %he devosit
that forms the east abutment of the dam. The borrow area consists
of a side hill with rather irregular topography -cut by a small
creek with intermittent flow, The material in the deposit is a
"well graded gravel, sand and silt with some clay sizes and occa-
' 51onal boulders The ‘thickness of- ‘the material suitable for im-
pervious ‘borrow ranges from 10 feet to greater than 25 feet; Ground
water obsorvetions taken during drilling ‘operations in the till in-
dicatc the water table. during the fall and winter is at a'depth of
“about. B feet Tuo instaliation of obsérvation wells at several
“locations ir the borrow area will be mado as soon as possible.
Overlying the till is a layer of material approximately.15 feet in
thickness, which is clagsified as random borrow and is used in the
embankment as. described in. tho following subparagrqph

L (b> Random Borrow -~ The random borrow ‘consists of ap-

' proxima*ely tho top 15 -foot of. ‘semi~impervious to pervious soil

. which'overlies the impervious borrow area described in the preced-
ing paragraph Bxcavation of this material is required to obtain

flmperv1ous borrow, Random material is used in the structure in the

7 scmleompacted £ill sections. The material consists of variable

) ;sands and sandy till and’ contains ooca31onal cobbles and bouldors.

"

o , (c) Porvious Borrow.- Thers are tuo prinoipal types
of dqposits wnich are sultable for pervicus fill-in the embankment:
'j(l) ‘Tho'“chéin ‘of ¢skers whidh lic prircipally on the east side of
"the river and extond for about a mile: starting in the vicinity of
the. Powder Y311 Dam and (2) the extengive terrace deposits which
form the westorn edge of the valley, The eoskers are approximately
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gh. feet in heagpt and consist generally of well gradod clean
gands ‘gravel and cobbles with pockets and lérses of clean sand
and sandy ‘grave} The terrace deposits consist of clean medium
to coarse sand. th gravelly phases, Both the eskers and the'
terrace depositg have been worked as borrow pits. for local r?eds
and other consyguction, Both deposits are. close to the dem i te
and e:@lorationg for. pea:vious Jborrow have been confined to t g6
two, Ground waker in the pervious deposits- 1s‘below the priposeq
depth of excagﬁtion. Stripping of one to twc feet of sandy opw
soll ;s requirgﬁ to expose ugable. meterial P j

' : (d) Processed éggregetes. A survey to locatg al;
possible commerciel sources of processed aggregate 18 in pregress,
- Informaticn obtained to date indicates that. processing plam%s are,
now onerating 13 the” fellowihg locetions, i :

Ry

A@proximate o

ﬁ:-ﬁocéffoiﬂff:iﬁrté.:' Haul Distance :

| iMhnchester, . H ;;b“f 30 mi.
.. - Keene, N H, . . . 30 mi,
;. Fitohburg, Mess.: '- RS mi,

Slnce all of these olents are et a oonsiderable haul disten e, it
~is considered:gconomical to ;establish . a plant at the site t Pro o~
888 sggregateg‘from meteriel exoavated from the. pervious boérow
.area, - Becaude of the _substential- proportion of oversize avail- "
able, crushing of oversize is proposed . The suitability )
gregates procgssed from. this gource has not been determine
date'“however, experience with similar deposits indicates ?&t,
.- 'with controlled washing and si?ing, satisfactory aggregates

ibe obtained : S o ‘ ‘ —".,

(e) Rook for Slqpe Protection. QWo principa
sources of rock for slope protection are being considered: u
- {1} ‘Phe . separation and ‘use of cobhlee and boulders between :gne~
~half cubic fogt-and one cuble yvard in §lzé available. from séruc-
ture exoavatign, impervious. borrow excavation. random borroy e
excavation angmsnted by collection of surface boulders wit o
project area: and stons fences in vicinity, (2) The. estebl§ hment
. .- of a rock. quarry area at Bell: Ledges located on Plate II-9; §
timates, 1ndicgte that quroximately two-thirds of the fota %gock

ffat Bell Lsdges ponsist of po:phyritic granite " The fofmat Ln at _
.. this-location_ is suitsble for Quarrying of seund rock wit ‘gﬁ apm
g;procisble overbugaen removal Approximately one mile of a coss

Ve II-S ‘ "



road is required to the site, The haul distance is threc miles,
all downhill . , .

£
L

In addltion tq these two; pr1ncipal sources, consideration
is being' .given to tho designation of a quarry arge at the spill-
way site,of the Wedgt Peterboro Reservoir, The site for the Spill'
way which is now under consideratioh by this offiece is located in
a saddle above Half Moon Pond, spproximately 6 miles from the
Bennington Dam. site, Quarrying from this site involves consid-
erable: overburden removal Boulders which are frequent on the
ground surface at this’ sitotmay be collected and added to the rock
excavated, Because of the !reatar haul distance and the necessary
o¥erburden removal, quarrying from ¥his site will prove economical
only 1f the construction of tho West Petorboro project is author-
ized. ' : A

(h) Matorials Summary.m A summary of construction ‘mate-
rials regquired with indicatod gsource, and materials available
from required exeavations and selected borrow arcas with iyficated
. dlSpDSItiOn‘iS shown iﬁ the tabulatiop below Ind:cated quanti-
ties’ includo allowance for Shrinkago ‘and’ settloment

: r_.. b
i :

w7

-

-
-
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-
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CONSTRUCTION MATERIALS

HATERIALS REQUIRS) FOR LBANKMENT -

Item - t Quantity - C.Y, s Source ~
. Embankment : Zxcavation .- Excavation Measm'e"“
. : Measure : Heasure i : CLY
- Compacted - £ . e 18 000 Stnucture Excavati
Impervious Fill : 1bg,000 : 170,000 & 152 ooo Impenrmus Borrow
Gompacted s ‘. ' e ‘ k! N
Rendom Fill ;195,000 ;225,000 . 225 000 S‘bmcture uxca,vat‘ien '
Compacted s L g e 3. THY 000 -Stricture’ Excavatior 1
Pervious Fill . 200,000 . 230,000 - . ‘86,000 Pervicus Borrow.
Semi-compacted - g e ::‘ 59‘,000 Structure .mxr_:avatl
Fill s ~174,500 s 200,000 -«
Backfill + 13,000 . - 15,000 1@ @oo-aandn' 'Stmcture xca:sratmn
Special and. : ST e : G |
Processed. Gravel ° t. 175,000 ¢ 210,000 . .208 000 Pemous 3 '
“Bock for Slope s o - 3:11L 000 Quarry . o
Protection 1 90,500 : .. 70,000 &7 56 000, Overs:Lze fro Exchvation




TT=IL

!

MATERTALS AVAILABLE FRCH EXCAVATION AND BORROVW : ¢

: itsm ‘

[

Quantity - C.Y.

Disposition — C.Y.

Stripping Foundatiog';”:‘ ¢ 53,000 Upstream Cofferdem - *
: 168 000 £ 115,000 To Spoil Areas
“Structure. Excavation . s : S S e
Impervicus . - -1 25 000 : . 2,000 Oversize to Riprap .
H e 5,000 Structure Backfill = -~
i s 18,000 Gompaqted Impervious Fill
Random Tt 309,000 : 15,000 Oversize.to Riprap -
: : - : 225,000 Compacted Random Fill.
=~ : - 59,000 Semi- ~compacted ﬂlll
i : : 10,000‘Structure Backflll :
Pervious : 152,000 T S,OOO;Over31ze to Rxprap
S - T L - lhh,OQO Corpacted Perv1ous Will
Total Usable. N L )
Excavation s 1g6 000 : L .
t Impervious Borrow : 165,000 :  5,000'daste'
o e H o ¥ . 8,000 Oversize to- Blprqp . _
- : : . 5 152,000”Compacted Imperv1ous Flll 1
Random Borrow : 110,000 * 14,000 Stripping and Yasts
S : : 8,000 Oversize to Riprap _
- . * _ : : 88,000 Semi-compacted Fill
Pervious Borrow - 350,000 ¢ 39,000 Stripping and Waste
: 3 b 15,000 Oversize to Riprap S
: ¥ 210,000 Special & Processed Gravell
. : - E 86,000 Compacted Pervious’ Flll
Quarry Stone : 20,000 : £,000 Waste
' : ' ! 1L, ,000 Riprap

Jted

r
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d. Soil Date.- (1} Sco Extent of Laboratory Investi-

. gation.~ A1l samplos of material“encountered -in Tield exploration
Thave been submitted to.the laborstory.for fin classificaxion and,
testing. Selocted rqpresentative samples have. eon’ tes_
termine oompaction characteristics, shear strength. permeahility
and consolidation cheracteristics, Investigation of ‘these soil
propertles is continuing but sufficiant data have already been ob-
tainod to dﬁtermine the general range of " quantitative results.

Mechanioal ‘analysis of selected representative. samples has been
nade using s -standard sleve analysis- with' a minimum sieva of 100
neshes per: 1nch, -and. hydrometer analysis of all sizes paseing

that sieve. = : co .

- (2). Iaboratory Prog_gyrea,u (o) Mechanical Anlyale.~

, (b) ggecific Gravztx.n The specific graxity of
_princtpal materials has been obbained by the water displacement

}j method (A A ¢100~33)

.! -

(c) n31tz - Density of so1ls having‘coh931on has
'been deternlned from undisturbed ehunk samples, Dansity ‘of “Go~ |
. hegloniess §01l$ ‘has Geen dgtenﬁlped in, the fiald by the sand
displacemont method t‘ :

‘ (d) Water Content.- The natural water’ content of
fprinclpal materials was detormined from. samples obtaineq ‘in the -
. .field and. transported to the laboratory in parafined jars, Re~
‘sults are rqported in terms of. percentage of oven dry wbight

) (e) Compactlon Gharacteristics. Gompact:on charngl
acteristics of the coliesive soils have been determined by Modi-

.+ £led Proctor. tests using 2 ton-pound hagmer, 18-inchidrop and 5

‘layers of soil,; Corpaction characteristics for cohesionless
soils include determination of miniman dry density by placing
soil in a container Wwithout vibration or impact, andimaximum- dry
dens1ty obtalned by iqpact conpactlon with conplete saturation.

(f) §@§91_§3;g§ggg ~ Shear strength‘of pr':cipal
naterials: was determined in accordance with nroce&ures'd,glined
vy A. Casagrande and:R, B, Fadin, in "otes on Sofl Testitig for
Engincoring Pu:posos,‘ a.publication from Harvard Uhivorsity
,Graduatc School "of Enginoering, ;] :

e (g) Permcabilit - Pernoabllity of matcrials wa.s
'”dctcrnlnod using d5-alred Water i ‘a  falTlky “hold typs apparatus
with a plastic, transparent peries *eter Tollswing the gemeral recom-
mendations of G, ¥, Bortram in "An Experimontal Investigation of
Protectivo Filtors," a publication of Harvard Univorsity Graduvate
School of ngineering.
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. (n) Consolidation.~ Laboratory consolldation char-
. ecteristics are. determined By, using - fixad ring. consolidatlon test
‘apparatus’for & h«i/ inch dlameter sample ef lwlf inch in; ini-
'tial thic’mess

(3) Test ?esults.~ fa) Clusei”z»ut;pn bf a#er~-ls Ea-

'fcountered -~ Classification of metarisis.encountered im field

" explorations are -ghown with the gpaphic logs . of explorations on

"Plates II-lU throtgh II-8 end Plate §I~10,  This classificabion-:
lnclu&es color, compactness, consistency, plasticity, and basic
soil’ type of each stratum- encountered '

‘ ) ~{b) Soil Data Summary.—'A summary of data, compiled
from laboratory tests performed on samples:of principal soil strata,
appears onr Plate I1I-11, On this plate Figures 1 and 2 show range
of gradation of the foundation and borrow materials, respectively.
Figure' 3 is a molstlre-density curve for the silty till from the
splllvay foundation. - The impervious borrow for the core of the
dom is from another portion of this same geological fowmation.
Curves ghowihg 'the shear strength for silty till and for the por-

“wious materials are shown bh Figures % and 5, respectively. Fig~
ure 6 is a summary of properties of materlals encountered in
réquired excavation ahd in the borrow areas,. Laboratory investi-
gation to determine 'soll propérties is 1ncomplete Conservative
ostimated values shown in Figure 6 are based on results of tests
on similar materials for other sites, particularly at Franklin

*Falls and Blackwater Dams,

(W) Investigations in P1Q5L988.~ (a) Gomgactlon. She@r

 'and Pormeability Tests,. Preliminary tests to determine compac—

tion characteristics, sisar streagth and permeadbility values of

all principal materlals have been porformed on typical solls..

'Additional tests are in progress to determine the range of data
for varzatlon in uhC soils .

: - {p) Filter Desigg.é Preliminary filter design was
based entirely on criteria outlined in Chapter XXI of the Mili-
tary Engineering Yanual , published by the Chief of Engineers,
Ultimate filter design will Pe basod on 1aboratory tests of con-
struction materials. .

~(e) Suitabili;z_of Material for Goncrote Aggra—
ates - Tnere are no commercial .aggregate plants of adequate

capacity in - the general vieinity of the project, but concrete.
aggrégatos are available by nrocessing material from the pervi-
ous borrow area. DBxpérience of this office and other Federal snd
State agencies ihdicate that' these olean glacial gravel deposits
are oxcellent sourcés of concrete amggregate,: Samples of this ver-
vious material have been obtained for complete analysis at the
North Atlantic Division Central Conorete Laboratory.

=
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the dem’ embankment and. Aa.am" enbankinont, mma _i 7 inv
of the foundation conditions and characteris' '
charactari 5i ‘f'the anailable embankment"_“

: laple embanks
; ion in-

omy of " the embankment section,yand the ay 4
that -the section is satisfactory. for.the following

(a) The slonea of theuembankment must be such that

_ (2) Prelimlnarv Embankmcnt Desigg Severa
project designs have been -considered for various'alignments withe
©in the: general: project area, ‘Tho- pre 3
- as the most feasible and the embanﬁmant s
- view-by tho Board. of, ConSUltants in- Decem
the: same a8 reported herein,. I :
Board of Gonsultants ‘andincorpe :
tial reduction in width of ‘the upsbre i 'd
west sbutment, If additional width is required ‘after construc-
tion Yo contyol seepage in thls axea, tnﬁ“blankﬁt may he 1ncrease&
readlly. LT —m;--- S Lo ; R TR

(3) Definite Prqgect Design Feamures.;-(a) Founaat1on
Oondltions.— Foundation conditions have begn described. for five_
different areas of -the dam site (Paragrgph b, )

: u(b)ﬁﬁo"actadil 10 TY i b
1mnervious sedtion of the embankment cqnsists of a. ceni]
“which tios into the $111 body on;the. oaat’.butmant and. across a
large portion of the valley, .On the west:s de pf the valley ,

. where no 111 occurs. in.the. foundation ‘and.where . till is buried

: too deenly for oconomical contact the portion of thﬂ central

e



1mperv1ous .corg below the strlpping line 1s reduced and supple-
,mented by an 1mperv1ous blankot under- the upstream portlon of-
‘the embankment,w Thig blahket extenﬁs slightly beyond the upu
strcam toc ‘of thc dam o

oY Compacted Rendon Sections.~ The' compacted
rendom sectlons of the embankment have been included in the de-
sign %o prov1de a transition between the imnervicus core and
the pervious section of the dam, - ‘Dimensions of these random
sections have been chosen to utlilize the ggtimated quantity of
.suztable materlal from structure excavation at the ddm site and

a

. (d) Compacted. Porvious Sectlons.- The’ compacted
pervious sections of the dam have been designed to provide suf-
ficient stadility of the upstresm section during rapid drawdown
of water elevatioi and to hold the moximum line of -séepage in
the dovnstream sections well below ground surface for conﬁitions
of sustained high upstream pool elevation, S

T (e) Snecial Drainage Features.— Drainage of water
seeping tnrougn énd beneath the earth embankment is: collected by
a filfer blanket béneath the downstream portion of the embank-
ment with perforated pipe drein and a drainage well system. The
drainage wells are located in the ‘area where subsurface drsinagd
of the perv1cus substratum is restricted by closure of the upper
and lower till layors. Details of the filter blanket with per-
forated pipe drain are shown on Plate IV-2 and details of thc
drainage well design are included on Platc II~12. '

" {£) Slope Protection.w The upstream slope of the
earth cmbankment is protected from wave action and surface ero-
sion by a dumped rock fill laid upon a layer of screened gravel
as shqwn by deteils on Plate 1I-12. The dovmstream slope up fo
7 feet above maximum ta11 wator clévation is’ protected similarly.
Above the rock fill on the downstream slope; tho slope is pro-
.tectea against surface erosion by a layer of sand gravel and-cob-
bles with the coarsc SlZOS pulled to the surface by Taklng.

: (%) D951gn Studies~ (a) Dcsggn of Filters.- In dll
sections of the embaniment ‘and its foundation through which watoer
passes, a stiudy has been’ made to insure that the gradation of ad-
jacent soils is such that the finer sizes of one' soil will not
be transported by the sceping water into the voids of an adjoin-
ing soil, In areas wherc scepage water is collectod, the grada-
tions of adjacent soils fuwlfill the above criteria and in addition

1115



:'the soils become progressively several times more pervious in
the, direction of dissharge, The critoria used for ‘these ‘anal-
yses is that contained in Chaptor XXI 'of the' Military ‘Engineer-
ing Manual, OCE,. The dotermination of the Zonioral rangoe of
Mmaterial for ths Eilter dlanket .in tho Jdowmstroam soctlon of
' .Jtha earth. emhanmem,, i Tig e “"te‘_‘II..ih

,beneath the earth embankment ;hasg’ been studied by flow nets,
Plate II-lB Basea upon these flow nets, the total: seqpage
through and.beneath the . embankment including spillway soction,
is estimated ‘at one~half c.f,s. for maximm head;’ ultimate sec-
- %ion,  Of: this t@tal. 2 negligible’portion will be discharged
.beneath the spill; 43 C Youdch

'remaining seepage will oceur. beneafﬁ the we _
the emban:ment in the section containing the upstream imper-
vious blanket, . , :

o : (c) Fribenlment Stability.- (1) Ml&
- slg,« Using the mogt. dangerous ¢ircle method,” the stabllity
“ratio for shear fallure of.the dem embankment and’ its founda-

tion was- debermined.by. investigating the”forcea tanding to-
cause movement and those producing potential res: “to

. movement on several: circular sliding surfaces of weakness which

‘were selscted by systematic trial.. This method investigates
only the 90531bi1ity of a shear failure., The analysis ‘of flow

" slide failuro ig describad in e following. subparagrqph In

the analysis the driving forces include the rotating effect of

. the weight of the soil. Less and water above the surface of .

failure and also, tho forccs generated by water pressure, The
forces pro&ucing potontial resistance .consist, £ the. shear '
strength generatod along the sliding surface, lie ratio of

the potontial resisting, force and the’ driving_ orce is’ termed
the stability ratio, A sufficlent numbier of potential suir-

- faces. were an&lyzed to. determine the position of the surfage
having the' loast stability ratio, termed the "minimum" stability
Tatio, A minimun stability retio of unity indicatos equality of

- @riving and potential resisting forcas and implies that the emn-

- .. ‘bankment 1§ on- ‘tho. vorge: ‘of failure While a-minimum stability

.,ratio 0f greater than unity indicates that the’ structure poa—
. -5C8808, roserve. strength. ‘ S
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(2) Section analyzed,- fnalysis was made of the

.‘assumeﬂ gg8tien Tor ultimate development, which includes the sec-
tign dé8ipned for the initiel develﬁpment. .Tt"is known by exper
ienge ﬁhat therinitial section will have, @ minimum stability retie,
bj ﬁhﬁ et ol usad, eqlial- to or greater than the' minimum stabile
ity ratis’ 6 the ‘assumed: neximum. section for the ‘ultimate develop-
. ment. In the anulysis the enbenkment and 1ts foundation were con-
“sidered: Fo ‘Belintegral .and ;s1iding surfaces, were allowed to pass

. through Tourdation end sibenkitert  soctisns. without discrimination,
The o1t ch:rnctcnistics used in thc analyses of thc v&rlous soC~ -

LY

floné or containcd ;on Plpte 11~ 11

- o

dem- embankmcﬁt nre shawn on Plfte II 13. The m;nlmum stablllty
rrtlo eon%iéorlng +the -cmbankment. &nd 1ts foungatwon Hs o whole, snd
for thb condltlons existing - 1Wmud1”tely'rftur t suddon draw do

of upstratm poéol is-1.80. Anvlvsosw_-
slices, The usuel approxlmatlon WS mndo,thft‘tho soll forcos on
“elther 31do of ouch sllce bﬂlznnc cnch othcr. It is ussumod‘th<

pooi é,drann down qu fnat thc compzctoa jmpe#vzous scction will
not droln &nd-is syturvtbd. For. thn fnlluro,surfnCG with mlnimum
stubllity ftfio, tnd sesuning thgt-thﬁ compactcd ‘revidom sectlon
docs nbt‘drtln thc ot“blléty rotio dpcrcfscs to 1 7.

: 'EUL) 'Uown trﬁﬁm'ulcﬂt.ﬂ Thc rcsults of the' snr1y31s of
tho docnstr(hm ‘svction of the . drm cmbunkmpnt for the ultim:.te develf
opmerit iru shéwr on Plote IIe 1%. lxnlrum strblllty rqtlo 15 1. 58
for conditions of stcady scepigc. .

. (5) ‘Foundstion rnd Abutments.e . gﬁbbllity of thc founda-
tion ag:lns+ shiir Fuilure was deotermined in’ conJUﬂcf on with the
.L{nclvsgs of thu upstrutm :nd dovwmstronm slopvs, The cbhutments ¢nd

L. Ehe trinsitions bokiwen cLrth omb nkment and spillw.y are considered

of grcut\r stzblllty thfn tie DrlnCID»l oﬁb;nkmunt 5ﬁct10n.

oy (d) l*lowh 11urc AnulySLs.- K Plow Pl 11urc ‘ig defincd
jfs tho imqucfzeflon by .shock of it moss of. loose,\srturftcd eohcsion.

s loss mtterlﬂff Bused” upon th“ Cxﬁcrlirﬁﬁ E”lﬁcd by ‘the dbtﬂllcd

Frenklin Falls Dhm, i flow fullure of clther the upstrcum ‘cowproted
pervious or rcndom scctions of the ‘embunkiciit of the embenkment
foundttlon,;s cons1derod highly improbeblo, A detuiled rnelysis of
thc pO&ulblllty of. & flaw ffllufc ‘widl bc-ﬂ@dc 1n connectlon with the
flnsl dcsagn. R R . :
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... the compaét 31lty t211 excrveted tos epproximntely elpV’tlon

;Jtion.sdlccth;wT

?;hnd outlct structure

f”ffd§t B 1t'ng 1nvsczls"'
WlllAnOt10Qéur in thc Gmban_ cn_

mvtorlrls 13 th
four frot)

gulnod ES,E:-
renkling Fal

six inchos dud to foundetﬁon consolldrtion"“'
51mu1tcnoously wﬁth coqstructror, und Jone:

the gcncra]
tion sufflc, i ) SEn O
could not be Toct chcc, thu'structuros- o ﬁoundod'T"
ovorburden’' Thg most sult blo ov rburdon rt the smtc for
founéntlon of thg ructy 3
18 both tho' mouu'_

wﬁpcrvlous enjythu mo*t compuct._ Tbe loca=
u"choscﬁ b@ocusc. L

() Thc upconspimd tcd scdlmonts over - the Sllty
tlll ‘ro'rclrtlvcly thin comp(iud th othur locs”lnns con51durod.

\ by Thc 511tv tlll is contimidus to budrock whalo :
at som@ othcr Sltub cnn31d~r\ Tt wes dzucontlnuous nd, undcr-ﬂ
o in by moru Pf?v10u3 rnd morc comnrq351blu soxls. },;

(2) Condltlons Enoountcrod oAt tho sclcctod splllwgy
“thoe subsurfrco condltlnns ‘ondountercd
'shan oh’ :eologlccl”onfllcs

(3) Foundstion DuSl&h; (r) DLSl”n Dctnlls.
Thu spllb¢ry chd outlot structurd-iore foundkd dlrcotly upon

6L9. 'T¢ form & working surfscc.@pon the oxcsveted Ei1L cnd fé
protect it from beeoming loosuncé, rpproxlm"t 1y one foot of.
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concrete will bu pleced ss soon after cxcevotion s practicel.
The surfece of this conerete will bo left rough. The downstrecm:
toc snd the silling bssin slabs will be founded upon & dreain-
cge filter. whxoh~Wm}J cenalstf'r . lvycr of sgnd . '}d upon the
till then .- leyef of scrcanad grﬁvcl. ..... - system_ef ‘open joint

"pipe will bq'lczé in thp grrvcl 1 yer (Picks TV-3) & 1t yet. of

porous gonercke rpproxzqftuly one  foot; thick will Yo pleccd- uponi
the filtcr for protootion and to provide o worklng surface end .

to fecilitote dre 1nrgy:0f s»cp fe ontor ing the £iltor I“yur.

Ths cencroto slobs. w111 bc p]fCud dlructly upon tho porous ‘con= -
ercte leyor.. . : :

. (b) ot bl71ty bg”lnst Slld1n9a-~¥Tﬁé‘an&1YSiS'~ﬂ-
for the. str b“llty of the’ splllwcy“'nﬁ outlet strudture ngeinst
sliding clong its bese it donteincd in ﬁppundlx 1V. . This. enoly-
518 assumes thut thé Trictidn betweon’ the concréte end . compaet o o
silty till is cquel’ to the shovr1ng ‘rosistonvo’ of the. silty:
till. The shc“r r051st ned of’ tho silty” i1l es détoermined by
the tosts upon rampldcd s"mplos 15 sumrorlzbd ‘on Figure u e
Plete II-11. .For. thé stebility” snk1y31=, the shersr- strength -
hes been cons;rvstlvcly cssumed B roprosontedi by ohe engler of
intornel frlctlon of 35“ W1th zorb shedy strength nt zeromor-.
mal locd. Tho FncLys1s‘1 iudcs fuli dors iderction of uplift
forces acting. upon the ructuro “diic to ‘“onditilons. lof “stocdy -
5GCpREe (Pletc 11-13) "'Yb fllowrncg is 'made for tho substemtisl
restraint sgrlnst Ql;dlnq o?fcrcd by thu‘trrth ctbfnkmont ‘abut=
ments. s T ’ B

--";-1-\.‘-. B

(c) Selphie TEAGG b Stvucture.- {Seépﬁgéwbcﬁé&thi
tho structure,is cnllpctod by the droincge filter bonceth tho
dovnstrcom toc rnd etn‘lin? b”“lm"'Thg sccpw#u w*tor is collec-
ted by thoe. opﬂn ﬂgvnt,c“-ﬂas whloh dlschfrva inte- the stilling -
b981n tﬂrough w-*l)’lﬂ +hr glbb W’lls. Thu totkl quantlty of

gt 0. 0001 C. f.». Lor witi fﬁu WX Lmum up trorm peol he 1rht b“sod
upon the flow ﬂct%«aq P} II 15 L The ;?x;mUm hydrculice gre-
diont for flew, 1nt; the ,°1n?ff il J?'is'rpproxlvgtélyh0385,"
which 1s.cons3qurud Suff‘ClCﬂth less, then the eritics 1 meximum:’
velue of 1.0 to be, emp Ly srf& ‘ssam1n“ no unusu 1 loccl: dls-:=
contvuuflos.‘buﬁt_r,‘::JH'”_ .‘h- R 3«_-3--4 "

o

4'(d) Setlamdit "of thUCtUPwn " Besed upon i
cxporlencc;wlth ceono¥Gte structurcs founded upon wWery compdet :
till, it is.aensiderdd hrt the tot 1 sct{lumunt due % con»f:.n
solidstion of Tba tlll undtr tHe W 1ght of  £hd Strucfnru LR R

ke in the.grder of ‘one” irichy  Thig’scttlément: is not.con= = .. .1:
sidored exccssive ond the structuro ohould not bc 1mphi“ed by

such ¢ settlement,. : A oL ¥
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(h) ProbICms Durlng Constructlon o5, Spill&ay.‘

E &) 58epegs Into Bxo EVEE1ON.< th hyarostatlo
head in- the zong gf pervieus weathered: Pedrock bénsath: the.
‘oplllway structureccauseq watdr to.rise in: obs rvetmon wells:
to épproxiiete Ly’ tlevation? 676wy The:doopest vetionwill:
be toeloveticn-6L6,Hihidh Will rosults in upws sopoagéiLrom:
bedréek iHte: the' exosivition dndor e heed: ofi30 feet: esSumlng‘
tho hydroststic hond: in the bedrock romeins unchcnged.. The S
thickness of compret silty till between bcdrock and tho bottom
of exérvetion will'be botwoen 25 end L% foet, The hydrﬂullc
prodient for upward geobage- will be from @7 %o Lves  In coheh
stonless’ s0ilsy o voﬂt:dclecrmboncnt ‘hydraukic: gra dient of ¢
approxlmetuly cno‘o gredter ’eansmdercﬂ unsefe ond ‘may: -
rosult in ‘boils. ehdgu: _ W8 - the- 1ty till
possessis 't $light ohhesion And STy ¢ ompact’ stste,,
it is considored Possible that & hyorculla ghedient s great CaFE
a8 1520 may ot resultiin dutrlmpnﬁel fotion.. »'Since it:ds: cx-—'”
ocedlnvly importent from the-stendpoint ofi the settlement: of’
the niruciuru thit ng ICOSenlng of the till éocur! by upW"rd-u
scoprv URunds’ havo been Toquésted For performing & pumping.
testite cBeoRthih the difficultivsd® Tewering . the: hytrostmtlc
hekd in the bédrseks s The ‘necessity. for roductich of hydroste tic
head ' in' the' bedrock! 1s considerad of bu31c Amportance: and’ panﬂ-
ing the sbove test funds ore includcd in. the cest estimate.to:n
cover pumping of weter from the bedrock ot o minimum of four,
1argc umrnotcr qup wei‘ dw 1ng”cbnstructlon cpor tlons.-

R

IR (b) rost Actlon. The fnunc‘ticn w111 be oomn -
pl»ted ‘ond suffxelent ‘coneryte: pluoed over the foundetion to -
prevént PIEEY petetr ation 1nts the glacicl tlll in . the wmntor
bctwcon thb two ccnstruﬂtmnn SQCSDnS. : -

o T ‘;A,.‘,;ﬁ B - C T
A L T L I P

LTIy e) Stabzllty Of ExSavatich . Slopés.- » & number .-
oft unelysos “hefrs bEon performed toidetermine the stocpcst slape’
THEY may b mrﬁb Por the excavetiecn flor” the spillway: and.'out-.
lot structure. - Brssd uper the posults of ‘sheer: 'strength tosts
Peregreph (d), the slopcs shown on Plotc II-13 hove.bgon - !
“tontetively s¢leeted,  The Stfbillty rotio for these slopes is
epprnx1m:t01y FL2T egsutpinis e séondition of sudden. drawdown of
woter Tn S éketvdtisn For. this cbaa:tlﬂn“ “stebility -
rotic of 1.271s ‘onsidéred: odequrt s Bgscd: up! nﬁexperlenoq
with bthér 31m115r FiYY dop051ts,'1t is cdns dered thet g
steoper: ‘s Lopé may Be sotlsfﬂctdry. -Tho 'slepe will'be. prdtected
during tHe fallj winter oad” snrlng te priévent damage through
frost action nnd surfrec erosicn. . . ; :
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g Approe“h cnd D1schcrgc Chemnels.- (1) Design Details.-
The approach and discharge chentels have been designed of size
to pass the required gquartities of water (Appendix I)s The
side slopes, which vary between 1 on 2 and 1 on g% have been
desigred to be stable under conditions of rapid drawdown of
water surface in the channel. Where appreciable water
~wvelocities ocour a protective riprap placed upen a gravel
- filter has been provided, The thickness and size of riprap
has been increased Iin the zone of unusually high and erratic
- water velocities immedistely downctream from the stilling
basin., The details of slopes and Qlope protection are illus~
trated on Plate IV-3.

{2) Disposition of Exeavated Material,- The
materials which will be excavated from the spillwey discharge
and approach chammels will be used if suitable in the compacted
fill in the embankment or in grading operations at the dam
site as described in Paragraph G.

he Upstream Cofferdam Desilgn,-{1) Location and Descrip-

tion.- The upsireem cofferdam extends from the embankment at

the west side of the spillway to high ground of the west abute
ment., The cofferdam consists of an earth embankment of 20
feet top width, approximately 26 fest high in the river section
and appreximately 16 feet high in the land sections (Plate II~-
15). The upstream side slopes of the cofferdam are 1 on 2,5
and downstream side slopes are 1 on 2, The embankment is
composed of seleched stripping and random materials from
structure excavation. -A downstream toe drain of coarse bank
run gravel is provided to prevent erosicn by water seeping
through or under the structure,

2} 3tability Analysis,- A stability analysis
by the dangerous circle method has bsen made for the upstrean
slope of the river secticn for the condition of sudden draw-
down of Water'from,tne design maximum slevaetion of 68% to
elevation 687 (Plate II-15). For this case a stability ratin
of 1.14 was obtained which is con81dered sufficient for thls
temporary structurs,

{3) Seepnge Analysis,- Analysis of quantity of

seepage both through and under the cofferdem in the river sec- .

tiorn and on the land section has been determined by construc-
tion of flow nets for these two cases (Plate I1I-15). The
total quentity of seepage that may be expescted if the maximum
upstreeam water surface is maintained fer sufficient time to
develop full seepage through the embankment will be approxi-
mately 002 c¢,f.s, From the proportiens of the flow net the '
required resistance to uplift er flctaticn at the downstream
toe of the cofferdam is assured with a maximum discharge
gradient of apprnxlmately 0,€7 in Ocmparlsfd with & maximum
allowabls gracient of 1,0,

II-21




Contaur-Top of Till.
——~=-=== Contour-Rock.
Conteur-Originad surface
@02  Drillhole
E Jaismic line
HMY8OP Tesr At
oW Observation well

Norte
D4 026,027, 028,072,034 58750 572
rncl end 515 4317 are oufride the arsa
covered by Phis sheet
EFlev&7rons ére in feel and ore bas=don
US.C.& G5 osfurn of meern seg ferel -

THIS DRABING REDUCED 7O ONE- HALF
THE ORIGINAL SCALE.

MERRIMACK VALLEY FLOOD CONTRCL.

~ BENNINGTON DAM
" CONTOOCOOK RIVER

PLAN OF FOUNDATION EXPLORATION
1N SHEETS'P SI—;EET NO. g SCﬁ}_li'g: = IO0FT.

U. S. ENGINEER OFFICE, BOST!

APPROVAL RECOMMENDED:

: CHARACTER
REVISIONS

'"q&n_ﬂa% FILE NO.M19-13,

~ PLATE.



WAR DEPARTMENT . \ . : CORPS OF ENGINEERS, U. 5. ARMY
j 5E9 034 655 pE Do | LZSQION |
Frojected TR T Projected ﬂ-
oMW | Fiia P s ELFy
' ! N 1 - :
— A ARt
I I I
i \ \ | ]
i I gotmn
0 . 4 — 700
| t aimen V\ ,
i -
_ il Pond | o .
e Visriable: aravelly and 8ty SAND R
a(,;:rvw'e 95 fovse/gi-perv’.-bu;) confaocook Aiver
o Bouider =)y -— - gl o
} ]
— -
4
i b
| — Sency SILT
e (Sem?-pervious)
— .
—_ -
a0 €20
’/
=T T
% 3 & PORFRIYRITIC GRANITE
1w
g q
) 1 - | L 1 L ql £I - ] ] 1 I L 1 | I 7.
1600 12400 [ 40 3 40 SO0 12400 1600
oev o5 Folid D56 D-zd D4 L ,(.3336 Bizd i D?5fw’ o D?ied
Brojecled Projecied Frojecied  Frojected Brojeckd fropegied  Projec rojec
e : NN "SE ; WGNH %}v STWW E5SE S oA 740
| - % |2 7s000wtinare) ! , \
| ! | j N £ 7ego(nirisl) II i !
! £ 4 1 H H
] : | i J iy | 1 I ! )
1 Il | i
’ | T A U T
700}~ K i | by i ‘\ i T I T 700
! v ! :
T g, A e
. ; ‘ ) |
——T Ca - 244 > VEFR, ro Vel & I T
——= / {Pervious Yo semi-perviov.
T \,/_‘ Iad ~— - — T .
o 5 i R A T sonck and sitky FLL_ 3 o . v A 6o
“\ I DrVIOUS Fo irrpervicd d) ;
-
B [Biiues <t RN .
Bowic SAND snd SiLT A T ——t
e (Pervious fo sermi-pervious) \/ Vel
ézo Sty TIL | T T PORPHYRITIC GRANITE s
/ é’nrperwbgﬂ_,
,—/"’ | n| ]
. & &
LYYy L 5 I 1 i ] 1 [ I 5 1 1 i M 1 1 2,
[ 12:00 mod 00 [ 3 400 B0 1260 Wy
PROFILE “B”
NOTE:!
Flevatins are based on (ISCEGS Datum of Mesn Ses Level.
: £ TI20{ U imate) . ;
e | _ T T seittweg _1] £1,7050 o Fiol) ne
1 .
NEAN st N A, 2B Bl
. : £ i’ Projected Projected - 1% . |Projecte roiecte 2JEC) iad
o - JoNW fqu i l. eoTH S TrwE 30
ontosconk BT B | | : £intersection with
Rivar - : I : " Profile B~
—_—= - ' { E N Variable grovally ond |5i ! ! b é !
& \._,_/ Boftol ; 7 i . T‘, ot SAMD ( Pervious fo B o [ork’_oc;r;'—oo ! 10
- et - . L . N
- L s N eenvious) ______] N oorrom criscrarge cagonery, e .
—— T - —_—— D W b oty e mog
e T s ~-1 MERRIMACK VALLEY FLOOD CONTROL
-— ) oy ond sty g AT BENNINGTON _DAM
N (oo yrviocss 16 imgervious) CONTOOCQOK  RIVER
e ' — T~ — T GEOLOGIGAL ‘PROFILES -NO. 1.
et SeND and < T o o “"'_;“ T \> : N SHEETS SHEET NO. SCALE AS SHOWN
ST — PORPHVRITIC GRANITE | ’_// U. 5. ENGINEER OFFICE, BOSTON, MASS,  , |2. APRW. 1945
- el - ) Nl oy M 1 APFROVAL RECOMMINDRD APPROVED: .
5 - —_— X I
B .5AN.D'_,:;>—" & 'oé b T o
50 ] 1 1 A L L 1 1 L L ! 1 1 L] 1 L L 1 L 1 ] 1 ]
2 600 2000 2400 28 3200 36400 40000 44400 g
040 240 (3 12100 [ PROFI o~ oo . ’ SuRACTER Dara M_M_ g FILE NO. M19-13/24
PROFILE ¢ FIVI§IONS _I_m'

PLATE II-2



CORPS OF ENGINEERS. U. 5. ARMY"

WAR DEPARTMENT | ; ; N . W —
D 5l D43 Dda D39 b6s D0 D&l DIg D54 D24 De2 D34 033
Frojocted Projecled Projected Projected Frojected
25 North A5 Mor itk 0 South 57 South soNorth
l | £ U5 Highway “202 / i
e (T - - R — Al 7
Appraach r
N l Chratsesef |
ann sl ) ] T j T
\ .F—-—-____-—_-_-___— C f " R -
orifoocock River
\ 1 Al
[ — 73,9
~J. Yiriahle grovelly end e
S |5y SAND (Rervigus r'a L~
™ ,sem:-peryroas) -
) -~ o |~ ——
= _
' Sendy and Sitky TILL )
LBerni-impervious fo imperviov: v KNG andd SILT
(Parvious fo semi-pervious) 1
G20 . o eemeann JO _ ~. P
| L
Y e ———— ——
] —— M :
e T s e W - - |
Wy 9 4 N POREIYRITIC GRANITE L | '
R —E— 4 ! ¢
A - A
sael_| 1 L ! >4 |%| 1‘ ) 1L 1 1 s L 1 1 1 1‘ I L § 1 280
z % 10 12 16 20 28 22 3%
PROFILE | 200FT. UPSTREAM
\
no-—D46 047 D4z D4 Q 45 Dﬁiﬁ'Duﬁ____mQéav, De .. D8 D0 D55 B55 Dé4 740
Frajected  Frojécted
20°South 35 South /
N - - - ~ Tap P FED T mara) - "_}'.
— — — < Tepor dam DR = 7
i
2 8&n \e¢ 013 Mighway "0
N Spitiway | Eev 7050 RR. \'-LL /
oS — L NN SR I N , nw : e
\\ lfpn‘lwdy / /-
b ' 5 — -1-7/
\ N, — - ] 4] e
i \ —— r\._ 7 Contoocock | __’_/"__/' A
\__,_—/7 e Y Varisbl = Kevar _-—-—'_'-_-‘,—-"'-'/ -
. Yariable grovely ~
Boutder: _ Yoetty SaND Perviaus ~ ,’/ o o
. o Sarmi-, pervicvs) /_/ P - ]
e SAND and SILT
\""--..\ i ~ / (Pervious fo semi-parviovs}
T _— S ,/., o]
. —~ ~— Sandyand .sf#y L Ve
S (Semicimpervioos fo fmparviovs) &
< \ R i "-\
@20l \‘__ 1 620
. ~— -
%E S -]
£l e e e ——
' i | | | |
ol T T Che PHYRY; @, Y T % T T 7
le 8 amor s PORPHYRITIC GRANITE 2 1 :‘3!
g|8 3 B T 5
T & : gl
ssol_1 L i \ Sf al 8 L | 1 Lot . ] | | L | 50
2 & =] 14 a2 26 30 34 35
PHOFILE 2 ¢ DAM
D35 pal D37 D3&D7 D50 D4 D49 D57 o ’“}_ . o .
Prajected Prajected Prajected Projected Prajected & S Highwoy “E08 NOTE:~
SO North 30 North GO" Soufh 28" Savth 20 Soath S BEMRR For location of profiles see key plan o Pfefe 2.
! - Elavalions erg based on U.5.0.8 ¢.5 Dalurn of iaan See Level.
Joo - ————— - - .- - B S Gl S L L B - B ] - —————— na = OO
Spiliweay
Drncherge
Channel
'C‘az?foocock
Rt
o - eso
\\ Toriable grovally @
SAND { Ferviovs fo —
\le peryious) e = -
e MERRIMACK VALLEY FLOOD CONTROL
1. < . R - BENMINGTON DAM
,Sandy and's:/fy FHL SAND s ST CONTOOCOOK RIVER
L5omi-imperyious 1o impervious) (Pervious fo semipervious)
T GEOLQGICAL PROFILES-NOC.2
(22 - | s . - I — e L [N /7YY
— / IN  SHEETS SHEET HO SCALE AT SHOWN
%‘E PlﬂkFﬂYﬁJTfC ﬁm;r;‘-“ .<‘*-—._\_... .
§ ! -.—.-._._.--—.._._,______. U. S. ENGINEER OFFICE. BOSTON. MASS. W I8 APRIl  194f
‘Fg,tl Pt N - ] . - e — APFROVAL RECOMMENDED: APPROYED:
-l \)1 'r-: °Q; xl
[ < m - ® 2 > o L
2'% \%i 's Ql % i e L K
IR &3 & & 5
smol—1 L i 1 1 P S ! I Q‘_EL 1 1 i 1 ! 1 | [ PP -, gL
' 2 & 10 [ , 16 20_ 37 36 40 o -
L L PROFILE 3 goo FT f)ov\,rgquzg“m T paEl bv Udt_%kkomm | 5 FILE NO. M19-13/25

PLATETI-3



WAR DEPARTMENT

CORPS OF ENGINEERS, U.S. ARMY

]

6733[)[' D2 D3 04 D5 D6 D7 08
- oo . £82.6 1) G675¢ [4%i] oo o8 750 0.0 &730 - 3.0 6687 [2X:] &G5t [«X4)
7] 1.5 Sandy TOPSOIL ) &aLl 15 Sandy TOPSOHL AT Jo5_Highly organic TOPSON - ] ZROfg rorson. 6725 19 Sandy TOPSOIL 6721 145 ToPSoMN 348 |[0=_70PSOIL
ceadl las Brown,loose, cohesionless, &77 20 Brown,loose, cohg.sian/ess, 6720 3.0_Gray, semi~compact - ] ] BrownJoose,cobesionless, Brown,foose cobesionless,
Fine_sitty SAND 7261 120 coarse to fine sitty SAND ;ohesm‘nle‘.;s g‘fm-:e o Lioht & . Brown, 7on;,’pfétcobesiaak.u Uanorm médium Fo fine . uniform, medium to fine.
ine, gravelly toht brown, Joose, gravelly 2 SAND. : €87/ |80 SAND
ceas| lus roundwater; 24 Aug. 1942) 2 Cohcsion/es.;‘, ﬁbe'.‘:'ﬂﬁa ee20| /o 8597| 190 Gray-bramm,loose
2 == Zight brown, semi-compact; Brown, loose, cokesion/ess, Brown,compach cohesionless . cohesionless, grarelly SAND:
\ cohesionless wniform sandy coarse fo fine SAND. gravefly_, sitty SAND et |22
Brown, loase)cohesionless, SILT confaining cobbles . 6982 /6.8 est.0| |mo (sandy TiLL)
. vniform coarse SILT with and boulders. - = - Brown,compact, siightly
Gray, compact, cohesive coarse fofine Silty sand Brown,/osse, cohesionless, cohesye coarse 1o Fire
poorly graded, gr ?Vf";'{ layers. coarse to fine SAND, Gray,very compact cobesive. SAND (sandy TILL)
ond Silty SAND. (Sifty THL) o codarse Fo fine, gravelly erf| | 240
Brown,compachcokesive saaol lero Gray,very compact shightly and silly SANG, (Sifty TitL)
coarse fo fine, grareily - cohesive, grave ”;, silty Bavlder grilled from .
* and silly SAND.(silfy TRL)  gogst |35 SANG (sandy 7L ELES51 Fo 654.1 Gray;compact, cobesionfess,
= Brown, compacbcohesionless mediom Yo fine Sifty SAND.
&480|  |34.é . ) poorly graded, gravelly, Bouvlder drified from
=== Gray,;efy (‘:’m,:’#cﬂ co/:;.s‘.rre;’ Brown,foose,cohesianiess, Silty-SAND, with cobbles. ELC6S5) o EL663/
5 oorly groded, gravelly an 1y 3
63 1400 ss2el_lwoo S S 0T, L) gravelly SAND, &750| 400 4% LY 558 |393
[t 6329| €2/ &30.7 ‘28 Browa, compact, cohesionjess,
es60| 1440 edb : 6257 1430 coarse fo fine Sitfy SAND.
T
3331 al8
. PORPHYRITIC GRANITE e .
Gray_, Compacf, cobesionfess, with shallow weathered Grly’ comp act, dsl:gﬁz;{y
cosrse fo fine, grarelly - Brown, compact Bromn-gray,very compact, sorface goat || gno comesive sandy SILT.
end siffy SAND. Gray, compact,siightly I cohasioniess. SILT cohesionless, Sitfy SAND
?o esive SILT. b ﬂ;fe:r'-m Flow encountared oy 580
Cccastonal cobble FLELGIZS. e :
Gray,rery co F, slightl
69| el and bovlder) Rock core recorery 86% cazye)s":"g co;Tsae; fo ;‘.?ne ’
Light brown,very compact .é45f] | 649 SAND. (silfy TILL).
5/%/:#_? cob‘es."ge, gravelly Goké| | ses f_’osuéde; g’ge:?( from
and ity SAND Gandy TILY) corr| yas rezz 1626.5.
PORPHYRITIC GRANITE == == 6086 85
6015} | 735 Fractured, and weathered .
along joints,
Z?M‘ brown,compact gsor|_)793 Decomposed GRANITE Decomposed POCK
slightly cohesive, coarse Yo Rock core recovery 44 %
fine sithy SAND.
Bowlder drilled From
£15970 fo 5930 sa37l_|ons ss26| | was
Rack care recovery /0 Mo rock core recovered
spaz|_|ses i Observation well msfalled
D9 DIO DIl Dr2 DI3 D14 015
clés 00 6622 oo 47t7 a0 §69.2 00 6871 a0 6676 00 8814 a9 :
€8590— 1 0.5 FORSOIL ceshl A8 Organic TOPSOIL 67310 Sondy roPSOINL GE8al—Y/ 0 Mghly organic TORSOIL &BIFL ) T2 Highly organic TOPSOIL  &ebe{— /0  Highly organic TOPSOIL &8 TOPSOIL
6824| |40 Drownfoase,cohesionfess, Groypdwater, 16, June /944, 6683 |34 Reddish brown, compact, Dark brown,foose ' 620 Browm, sémi-compact 6264 Tﬁm_umfn«#er,z(./u/y/ﬁ-f)»
\wiform, fine graveilly SAKO, gca.:/es;brz:‘es:, ﬁne,smg cabe.sv'or-ff:s, medsvm to 2O L8 cohesionless, uniterm, €283 30 TFroun orayicose,
. and shightly craanic SAND. fine highly organic SANQ - medhum fo Fine SAND cohesionless, Fine, silt
Browry c‘omp_acf, cohesionless, g5 | 98 ] - 85382 0.0 Gray,compact, stjghtly /X /0.0 |organic ;;d,f,,eg_’sm.rﬁ’
; coarse fo fine gravelly SAND. Gray,compact cobesionless, Brown, loose, cohesionless, cohesive, gravelly SILT. Bromn-gray, compact
67g | |45 6558|134 cosrse fofine gravelly fine Silty SAND. 526l |0 shightly cobesive SILT
Gray,/oose,cohesion/ess, AND. 1 5,.0,?:’ ‘59,,2'_ compact » | . .
raYric ] . N Slrohtly cohesive Qrarelly e o r Y, VEry COmpAac
Fine sithy SAND. Gray, compact 5/{95*/@' é£76| 1200 5,‘}?5; :guwo, .9and§ TiL) : sﬁ’y/;;/y cohesive, poorly
. cohesive, cogrse fo fine, €595 23,6 graded, gravelly, silfy
sravelly and silty SAND 6595 - sl |sg0 SO (Gilty (744)
e2| 270 Csifty TILL) A34| | FE0
Gray, very compach =
_%:}f{af@ oohesiwe,foggﬂep
ine, gravelly, silty , Grau ke .
; vy, loase, cohesionless
(silty TiLL) . Gray,compact, slhightly costse fo Frne SAND.
Gr?, very cmaﬁj sﬁ%ﬁ//y cchesive, 9ruv¢’§y, Geperal Note ]
Gr:;y, compach slight’y ez | lwo .:_-;q ;;:’F;ﬁ'g; /ﬁ)y sitty stlty SAND.(sandy TILL) /L_‘:f . ):{/‘ ’52 of }"57 ore & {i’ vo )? ,/‘71/}7
cohesive, poarly graded, MNest of cobbles from e above H.5. L. Siguras af vttt are
grare@,':s}/@ WD with Brownycbmpact, cohasionless Flexz b H.coq.2 Gray,compact; shightly N a’e/o/)ﬂr ﬁe{a)rg/oaw(ﬂ/fﬁc‘: aF Kene o
numeraus cobbles, Coarse o fing, gravelly cohasive gravelly, sitfy T ESIRCTIOL,
6| |488 (silty TitL) SAND. SAND. (sifty TIL l)y
Brown, compact cobesioniess, e ‘ éazg| 1776
4 P
b g PRI OITE 7115 oRAWNG REDUCED 70
¢289| lszs Brown, loose 3 cohesionless, Gné | |60 A surfaes. ONE-HALF THE ORIG/NAL SCALE
: . ) oorly graded,coarse fo *
Grag, compact conesiontess, 1 | o A MERRIMACKVALLEY FLOOD CONTROL
fine 5illy SAND 05,2 -0 é08r &20. Ss84| |930 BENNINGTON DAM
s224 64.0@ Very compsct shight! ‘ 1 Dismtegrated ROCK, T Pock core . CONTOOGQOK RIVER
6191|1623 oFoens comrse b finer oHRIT . cosol 166z " recavery 17% RECORD OF FOUNDATION
< FPORPHYRITIC GRANIT, gorg 2.0 Brown, lovss, cohesian/ess,
\gravelly, silfy SAND. . ‘coar‘-.se fo Ffine SAND. EXPLORATION NO.L.
(silty “TILL) ¢le| |\ ms
[ty PORPHYRITIC GRANITE L e IN SHEETS SHEET NC. SCALE AS SHOWN
. o I with 3.4 weathered surfsce PORPHYRITIC GRANITE £932| |74 4 U. 5. ENGINEER OFFICE, BOSTON, MASS.  ,/IBAPRIL | #35
il d Rock core recovery % PORPHYRITIC GRANITE ﬁcg::‘feg’ort APPBOVAL RECOMMENDED: ) APPROYED: <
Hydrostatc head, 56800 f886, 806 ' &f‘&j‘gg“‘—‘-v e Do o bare or
I Suly 1944, s887  |sz0 ”_‘A::lek cone g-c‘;&ggyii% sg_@;
T _Rock core recovery 8% rostatk head £.671.5 b e
Hydrostatic hesd &!égsa, & July, 1949, Huly 1949, 3965 (%6 No. cHaRACTER DATE [APAN T
Jhserration well mstalied, Rock core recovery XY REVISIONS DIRGA -'-'JI, FILE NOMIO-13/26

PLATE II-4



WAR DEPARTMENT : - ' o ' CORPS OF ENGINEERS, U. S. ARMY

D6 D17 DI8 Dle . D20 . D21 D22 D23
6702 ag_(Groundwater. 21 Julg944)  Sai7 o 6749 o0 6772 00 . 6739 00 : €787 20 6980 . 00 6705 _ 404 . )
6689 T 13" TOPSOIL 6807110 TOPSOL CHAT I8 Organic matier snd TOP:S'OILZLZZ,F 0 TORSON. ) 6780 a7 TOPSOIL 6975 1.0.5 Organic matter and TOPSON 6685 | 2.0 Grovel rosd FILL and boviders
© Derkbrowncompact f Red brown, compact, . Brown, loase, cohesionless. Brown, compact, Cohesionless, . Brown,loose, cohesionless, - Red-browr,compact, Red-brown, loose, 66771 2.8 Organic matter srd TOPSOK
6612 qg CohEsionibssmedivm fo fine, i cohesionless, coarse fofine rhadium 1o Five, silty SAND €26 5.6 coarse to Fing, Sity SAND é726] LLE _ praiform, five, sithy JAND: 672r| |6 coligsiniess,poorly ., 1.0 2g CONESIDNESS,fine, orgenic i
= %‘_’M‘ﬁﬂmﬁ s7aingd, SAND. gravelly, orgsnic,siained &4}% - Grovndwaten, |14ug. 1944, R graded, gravelly SAND 6| |29 ciamed SOND.
L, Groucompact cohesionfess, 6722 | 89S ' S R sct cohesionless Brown-gray.compack eh47| %2 with fam cobles. i Brown,loose, cohesionless,
686} \us grgvelly.silty SAND Gray, compach shghtly ray, compact, e nless, cobesionless, gravelly SIND, Light brown, very compact, gravelly SOND nith lsgers
‘ 6677|_|#.0_cohasive,fine,sitly SAND.  579| | g 9rvellu. Silfy SAND. cez27| |us cohesionless, gravelly 620y 130 oF sithy SAND.
. . Grey,locse, cohesioniass., B ' ’ - 676|153 SAND. , Brown, compact, shghtly
- gxe | | ma eniform,ne silty SAND. ) - Brown, compact, c‘ohef/on/ess, cohesive, cosrse to fing, 6538 | 175
Gray, seni-compact, " ; ‘ coarse fofine, graveliy. ravally, sitty SAND.(silly TILL)
ok sioniess, gravelly silty SR Groy, compact Stightly f’,‘,’i's cf_r:fpm ff'gﬁ% _ e AN ¢ ey TILLD, ety sitty > ol 2
6461|241 (sendy nLL)qV ) cohesive, gravelly, sitty 3;” D (s.'! /9 T lj Gray,compach slightly
Gray,compact, slightly cohesivegeydd | oy g SIND £sitty TILL).  (Silfy - cohesive, coarse fo fine,
gravelly sifty SANC = gravelly,sitty SAND{y TILL). .
6102 30070 Hit) ezl |s08 Gray, compact, slightly . cer3l |sor
. Gray, compact, stightly cohesive, Coarse fo finie, . bo/F| X1
| cohesive,medivm fo fing o Lo 1 gravelly, sithy SAND. (5ilty eddz| ms Brown - gray, very compact,
PORPHYRITIC GRANITE with sitty SAND. ?feﬁg"ﬁ;” m;?}f;’ ©55. ed2] |30 —“T ﬂu’. Ciar arittect - " Gray-brown, compact. Brown, jeose cobesionlass, . slightly cohesive, coarss fo
shallow weathered surface ST 1388 ne an : Gray, campact, sliphty Bovider-drilled fronm cohasioniess, madivn fo uniform, fine, silty SAND: fns, gravelly, siffy SAND.
: - r £16/5.9 fo E1610.9. 6383 [328 ° f Gitky TILL).
i 6362 4ty cohesive fine sandy SILT. : 1Fine_gravelly, sithy SAND. 4 .
Grayy, compact cohesiontess, , 6229) (420 . Gray, compact, Siightly ‘ Brown-gray, compact, Bovlder drilled from
6252|1450 coarse fo fine grovelly SAND 6341|444 cohesive, coarse Yo fine, cohesionless, coarse fo 6535 |44.5. . Fle46.3 fo £1.643.7.
Rock core recomwry 73% ' Boulder drilled from rarelly, silty SARD.Gilty br:42] ine, gravelly, silfy SAND.
w3l torreser bromn, compact conesioniess 28| _|age Bromyers compact, i oy compsct cohesiont
to fine oravally SAND 6221200 sionfess, ] . ray, compact, Cohesioniass,
Cogrse 5 e divm. graveny SO, fine, sitty SAND.
&222|  |sx0| Grog compact, shighty _ . _
& : —ﬂ‘t cohasiyg, Fine SandySiLT. PORPHYRITIC GRANITE . .y 574
6227| |520 : 8.0 |58z Gray,compachslightly e
agray, COMPJCI,‘.COI‘MSI'O”/“S&‘I‘?" 528 f 5 stiohtle T | conresis cosrse fofine, 86061\  |628 i . 6380 600
. gruvelly, sty SIND. c;g"”w”’f’“ i cann gravelly, sitty SANDLsilty TILL). Gray, loose, cohesionless, . | Brown,very compact,
oty 1LY Y ray, mpact, slight medjum fo fine, grovelly, 1= = 0% slightly cohesive, coarse %o PORPHYRITIC GRANITE
7| t620 . ) S "d Hed i | cohesive,cosrse fo fine ity SAND. ook corg recevery 0%. Fime, gravelly, sitfy SAND.
ciz2|  |ens rop.compoct, slightly cohesive Govider drilied from ! sandy SILT with decomposeds9zs| | 764 Artesien Flow encountered 62951 685 (oifty TA).
=5 ragvelly, sithy SAND. (5itty TILL) EL60T} fo £L.606.7 : - i ¢ _ NG
(gravelly, Hy - | _roct fregments. below EL606.1. Browrr-gray,very compsch
eo8s| |7 = . . Span | 728 Arfesian Flow encounfered —_ . 6252 T28 cohasiontess, coarse fo 5981 724
Brown,compact siightly et £ 60T €030] |M2 PORPHYRITIC GRANITE Lens et S, Rock core recovery 95%
cohesive, uniform fine Rock core recovery 7% Btz .
silty SAND. Weathered ROCK
I- . - .
Westhered ROCK Weathered ROCK PORPHYRITIC GRANITE
5825 Si4
‘ 1 No rock core vered,
s927| |ase sarsl lazo rock core racorer eiez| lgze
No roctk core recovered. No rock core recovered. Rock core recovery 63%
Observation wall installad. .
- D24 : D25 D26 D27 . D28 D22 D30
6940 __ 00 6687 0.0 c677 00 6782 00 : - 6688 __ 20 6798 0.0 w34l
; GEZ3[ 14 TOPSOL - 66b.7 1 L8 Gravel road FILL. 77— 18 ropson: 68 r—hd8_TOPSOIL P23 08 TOPSOIL
Brown, loose, cohesionless, eg39| | 18 TOPSOIL ) Brown, foose, cohesioniess, Brown, loose, cohesion/ess, j Brown-gray, compsct,
Browr, loose, cohesloniess, urtiform, mediom fofine Bromn, loose, cohdsionigss, coarse to fine, grovelly, Silty, .. 20 rnadiyeri fo Fing, organic, cohesionless, medivm 1o
gravelly SAND. 6603 |82 SAND. . 6559 an Pne silly organic ,stained a2 &9 _organic,staimed SAND. - LY stalned SAND. ) fine SHND.
T Brown, compact, cohesionless, SAND. ‘ - &s75| | me Gray, compsch.cohasionless, 693/ 00
6524 20 coarse tofine, gravelly, Brown-gray, compach, . : ST T T icoarse fo Fine, grovelly SAND. N
dray, loase, cohesionless, 6545| | 4.2 silly SAND. cohesionless, gravelly, silty, Grey, sémi-compact, ]
Fina_sandy SLT. - : 651.2 165 S'W.Q/s-mdy TILL). . . cohasionless.Fine silfy SAND Gray, cornpact, cohesionless, Brown,gray, joose, .
é79| |nreo ' . g420|__{ 87 9ray, compact cohesionless, o et99| | ma SHET cohesioniess, medium i Gray,compect, cohesionlgss,
- - Gray, compach, Slightly —= ' cosrse fo fine, silfy SAND. B 6477 |21 Brown,verycompact. fo fine S4ND. e medivm fo Fine, silfy SAND
cokesiva, gmrefgv, sitly 63| |4 Gray, véry compect, o 6| | Zié brog-bripmmoose.conasionsss [ B e sionkess, aravelly r . P
SAND.(sitky TILL). _é%%nl?; ‘f;z:é*sendy 57;,532__ 250 royelly SAND. . | ity SAND. (sendy md
¢ ff) LY gless coarse fo %m;m,..:_‘emi ~compsct, ;
. é394| |z98 ohesionless, coar 84220 1280 copesionless,gravelly. Gray, very compact, shightly : aszal ez
Browr-gray, compact, e e 6365 |me2 Fine, grovelly SAND. o silty SAND. cobesive, gravelly silty SAND
cohesionless, cosrse to o T . ; caed s (aitty TL). :
Y ) (Sand, : . 634, .7
grovelly, silty SAND(5ancy PORPHYRITIC GRANITE with #7.
. shallon westhered surface © PORPHYRITIC GRANITE RTIC GRANITE ,
& . o5 .
Gray, compac t‘;‘aﬁiﬁ:&”k s PORA 6373 425 Gray,very compact sight)
6247|440 : oniform,fine, sifly SAND. Cobesive. madim 16 Fing SUT
Rock core recovery T : : | )
3| lazz . ’
‘ =8 : €8.4| 1433 ) &9z ©7 Brown,cempact cohasioniess. s
Rock core recovery /6% R T T Reck core recorary 52% y i ) ' See Genera) Note on Flote -4
. Observation well insfalled. ¥ coarse foline, Gravelly, e or=2n
J_‘J Gray, compact, cohesioniess, ; Sttty NG i
o fine, sandy SILT. . . 6.9 é@, : )
. _ MERRIMACK VALLEY FLOOD CONTROL
: . wss| |eco BENNINGTON DAM
6100 &40 . = - . 622./ &0 CONTOOCOOK RIVER ’
= - : Gray, véry compact, dray, compactcohasionless, ==t !
oess Contsiontess, madim o | RS . RECORD OF FOUNDATION
Gray. compact, cohasionless, Fine sandy SILT. , . EXPLORATION NO.2
coarse fo fine silfy SAND. ) L ) IN SHEETS SHEET NO. SCALE AS SHOWN
s028| loto : cozel |70 ‘ , U.S.ENGINEER OFFICE,BOSTON,MASS. /18 APRILIGMS
) APPROVAL RECOMMENDED: APPROVED: y
FPORPHYRITIC GRANITE with . ) M\— —mm%lm
ahwllon weathered surface. _ iee: e o R
. ) . -
s901| |3 . , : P T vl
Rock core recovery 0% . i : .
Gt core it THIS DRAWING REDUCED TO ONE- HALF THE ORIGINAL SCALE s93| |s85 FILENOMI9-13 /27

j _ ‘ ' : PLATE II-5

Pl



WAR DEPARTMENT ' _ . CORPS OF ENGINEERS, U. S. ARMY

D3t : D32 033 D34 D35 D36 037 D38
6681 00 6681 00 927 00 782 00 &3 00 - 6733 04 L ? 6728 4o
ey, [ ¢ TSN eeZot—1 17 ToPsolL ) G218 3 TOrSoL FTE |04 _TOPSoIL 210 _TOPSOIL oY da Torson  Geai[ T a5 ToPsou | ehEa 4 Toeson .
. = pad-brown, ioose, 6350 —1 3! Bromm loose, cohesionless, ) : . Brown, compact,cangsiontess,. . W~ Red-brown, loose, cahesion/ess, R, loase, condsioniess,
Cone sionlass, medivm fo fine, Lmre i 1o FiireLsitty SAND Gray-brown, loose, Gray, loose, cohesronlass, Brown,loose, cohesionless, - gravelly SAND. ! L= medium fo Fine, organe, €663 b5 Gravelly SAND and orgamic
E597 90 sitly SAND! g g Brown, Slightly compach, cobesioniess, cosrse o oz 20 qravelly SAND, &753 20 meadivm to fine SAND. €653 188 isfalned SUND. T matter
=i : : % cohealonless, gravelly, pirne SAND. 2 = - + cohesionless Browr- gray, compact, €e2/| | 25 \Groundwater, 304ug.i944) .
BRI\ NH2 . sitty SAND : ) arey. ‘Em“"sjfvbc ESIONIESS, cokesiontess, gravelly, | Gray, compact cobesionless, Bronn, compacth, cohesionless,
Griy, compact, cabasionless, - 6781 4é gravelly . . Sty SAND.sandy TILLA Py 150 gravelly SAND cobbles, gravelly, sitty SAND (sandy THL),
:y;cll s.r'lfg: SAND: o dray,compact, shghtly T TGrayjoose,shightly cohesive, €687 =1 . £563 0 EERG | 2 Brown, compact, cobesionless,
grovely, : coresive,gravelly, silty styatified sandy SiL T-with ' casa| | CTH.COMPECThcohesionless. ' {grovelly. sifty SAND e548|_| 6.0
e424) (207 : SAND-with stresks of fine é727) 204 occasions! gravel. 20 gravelly, silfy SAND. [(96"70’2 L) .
silty sand.(3ilfy TILL) Grog, compact, slighty Gray, compact, shgb)‘# S
. 7 I ! i 1y, ity
. Prer 24.8 ] Oray,compact. sf,g/;f_@l cof;es:re", gravelly, sty c:o/:e..sfye, gravelly. :
gg%sﬁ?g?ﬂijﬁ if}ﬁgﬁ%p o . uray-brown, loose, . ) cohesive, gravelly. sty SAND(Silty TIL). (Variable sandy and silty
Gaifty THL) g : cohesionless,coarse fo fine. ] gray, foose,cobesionless, btk SAND. (sitty TIL). TEL).
Gouldar dritled from dray, compact cohesionfess, gravelly, silty SAND. e medinm to Fine, ifty SAND gar;g, ;e;-s; coma”;zfjc;& _}il’fsﬂ"f i3 eve| |20 cure | lae
. It - - e, g o/ RGN VN b o oo
£33/ LY £1635) fo 16331 grovally sithy D €527 230 SAND (sifty TILL). e €400 333 -
sa07 374 , '
FORFPHYRITIC GRANITE 6299 W2 Gray.compact cohesionless, . . Brown,very compact,
6257 430 _grayef/g,s:/fg SANDfSandy ﬁll)- ) ) ) cohesionless, greye/iy,
T pack core racovery % Gray,compact, cahesionless, 259 e900| | 443 sithy SAND.(sandy TIEL).
medivm fo fine, silty SAND. 662 &4 : ) :
PORFHYRITIC GRANITE 2.0
With Q7 weathered suvrfsce . Brown, compacy, cohesion/ess, PORPHYRITIC GRANITE 6233 1224
' gravelly, sity SAND. - Badly weathered fo Fl6560
€08 Jﬂ? gs22| |se.0 :
T " Rock core recovery 4% ey |20 6&34 7.
Rock core recorery S2%
Gray, compact, cohesionl/ess, 6083 léso :
‘ dray, very compact, fine, Silty SAND: ) Rock core recovery 80%
cohesionless,coarse fo (rtesian flow encovntered
Pine, gravelly,silty SAND. ] . _ &t £.608.0)
' © 62| (esa
' Gray, compact, Slighf
6127 802 . cohbesive,medivm o lgine
Gray, compact, cohgsroniess. ST
éors| |a52 rmedivm foFine,silfy SAND - 6243] | 939
0571|820 Dark-gray, compack shghtly
cohesive, medivm fofine SILT.
D32 D4o . D4l & D42 D43 : D44 Da5
€738 . 00 £%S 40 é723 oo - é792 00 &776___ 80 8778 04 6733 e
678 GE_TOPSOIL : . SEES—Lrg TOFSOIL &nid bovlders G308 _ORGANIC MATTER i 726f 106 _ORGANIC MATTER >+ 7 16 _TOFPSOIL &7 81—t 10 Mighly organic TOPZOI 508 Hihly orgaric TOPSOL
Brown, loose, cohesionless, " Brown, gray, loose fo compaclésiA—1 2.8 Red-brown foose, cobesionless, Brown, loose,cofiasionless, emet—1: 27 Brown/oose,cohesionless,
ea80| __ 158 medivm fo fine,silfy SAND. ¢8| |60  grovelly SAND with organic 6&!}]‘_"1 42 mediun fofing, Silfy,orgsnie, gravelly SAND and orgenic : Brown, loose, cobasionfess, — | |7 mediym fofine,organic,
|matter and cobbles. T T stained SAND, . GHT| | 75 matter Bovkders encoumtered. Oray, foose, cohesioniess, medivm fo fine, silty SAND. e85 |78 stained SAND.
: . - . Gray,brown, loose, cohesionless, Srowmcompackcohesioniess, maditm fofine silty SAND Boulder encountered from Brown, grey, compack,
Gray,compact,cohesioniess, Brown, gray,compact, gravelly,silty SOND. 6674 | WE_ aravelly snd silty SAND. ELEEZE fo Fl.662.5. | cobiesiontess,gravelly SAND.
Fin2, silfy SAND, cohesioniess, gravelly.sitty g compach sightly \Garety TILL) ceds) 1153 | Boulders encouvnfered.
X SAND - cobbles.(Serdy TILL), cohasive, gravelly, silly . 68| | 6o : :
£548 90 6585\ \ige _ . SAND.Lsilty TL) . Bromn,very compact, Browm, groy, compact Slghtly
Brown, compact cohesianless, . es23| 1200 Gray, compack shightly : ‘ - cohasionlass, gravelly, cohesive, gravelly SIND
ESE| 2RO orarelly, sitty SAND.(serndy TILL). Gray,very compact,slightly coresive, gravelly, sitty SIND Gray,compact shightly 63 |25 ($itty SAND.(sandy TI?.U with lanses of Fipe, silfy
cohesive, gravelly, silty SAND: C (Eitty L), - cohesive, gravelly. s:## T sond. (silfy Til)
Coilty TILL) - - SAND - cobbles(sity TILL). ,
475|290 : ’ : Gray,compact, shghtly
o 6482 |30 - cohesive, gravelly, sitty ~e#33__[300.
= SAND. ity TILL)
£45.1 245
~ e &4.8| _|36.0
Grag.very compact, slightly
cohesive, qravelly, sitty SIND
with occasonal lernses of
Fine sitty sard{sitty TILL). .
Bovider-drilled from ) NOTE .
26356 fo1634.3 . See General o fe on Flote H-4
MERRIMACKVALLEY FLOOD CONTROL
BENNINGTON DAM
. . CONTOOCO0K RIVER
éo63| |ezs _ : RECORD OF FOUNDATION
- EXPLORATION NO.3.
: IN SHEETS SHEET NO. SCALE AS SHOWN
Dacomposed ROCK U.5.ENGINEER OFFICE, BOSTONMASS. /18 APRi 32T
' : : APPROVAL RECOMMENCED | APPROVED: 1/ '
- & 2 .
29y 1829 (: EMGINEFR.
Mo rock core recovered,
' THIS DRAWINGREDUCED TO ONE-HALE THE ORISINAL SCALE FILENOM 19-13/28

PLATE II-6



wARK UEFAKIMENT

CORPS OF ENGINEERS, U. S. ARMY

D46

Gbsarvetion well instsiied.

THIS DRAWING REDUCED 7O ONE-HALE THE ORIGINAL. SCALE

e Da7 Das D49 D50 D5I D52 Y D53
3 20 7 ) 6680 _ 00 €8s 0o éb40__ 00 - 8979 08 6800 _ 0. £%
. ) 20 . g _ 00 ) 6 , ) 0 4 7 ) 680 ) L)
7233, .ie_gfﬁ%;;ﬁm WFggﬁﬁ E37&[[— (102 Mighly organic TOPSOL ECeaI—T 1z Highly orgewic TOPSOIL GBI 1,85 _Highly orgenic TOPSOIL ZE56T1 04 Highly organic TOPSOL  $973f 110 € Orgenic TOPSOL . 679‘3? 106 Highly orgaric TOPSOIL 4304 1] _Mighly orgaric TOPSOL
mzy,;’ Fo Fine. _,,}:’ SN 6632 Bromn joose, cohesionless, 67831 3.3 Lromnpoose, cohestonless, ¢g 9 4.1 _DBrowm,looss, Cohesionless, ¢ads 3240 Brown,looss,cohesionlesss X35 Brown, loose, cohesionlessies.7) |34 Brown, compack cobesionfess,
s Sy SN N " \Coarse o Fine SAND. 67681148 medivm fo Nine.orgenic. \meadivmn to fine, organic. T medium tofina SAND with - gravelly,silty, orgenic, igravelly, silty SAND
Bronr-gray, sem/: “‘”P"f,- €537| |83 Gray,semi-compact, \stained SAND, stained SAND. &0 ittle organic matter: tained SAND. i(sardy TILL).
233 [ Ho . . madinr tofine, sitty SAND. cohesioniese, medium fo \Gray. Boase, cohesionless, Brown, loose, Cohesionasséiz |98 |Boviders encounferad. -
Gray, compact cohesionkess, fine, silty SAND. o gegs| | /21 coorse fofine, silty SIND. Brown- gray, loose, 6845 1a0Lmedivm fo fine, silfy SAND \Grey.foose, cohesionlass, Gray,compach slightly cohesive
soas| |0 9rvelly SHD. dray,compact, cobasioniess, Lrowrigray, compect, cohesionless, cosrse fo=— WGrdy, Compact coResionless, gravally SAND with cobbles gravelly ity SAND.Csitky TRL)
. e e b, et gravelly, silty SAND. cohesioriiess, gravelly, silly Fing, Sitty SAND. igravelly SAND. and bouiders.
res—, /75 rONT, COMPECE o tine es00] |mo SAND with fenw cobbles. o ‘ romn-gray, compach  ysig| | 188
32| |z ; ?’ SAND. 6872 20.6 i : . seedl lziz é502| a5 coresionlass,gravelly, * =
v, compact coba sioniess, Gray, compact, slightly - Gray, compach slightly silty SAND. {sandy Wuj{
e ‘fafsé/vpﬁmoy i) cohasiye, gravelly.silfy ' cohasive, gravelly,sity \Bow/dar drilled from
| gravelly, sitly SAND, - SANDsitty THL) SAND.Csify TILL). F1660.8 to EL66O.D
dray, compact lightly Bovlder drilled from e
cwef;i'e, 9/?15/& silly ' : L6605 to H 6555
i SND./silly TILL). Oray, compach shightly 3 ) éray, compact,slighth
G cohesive,gravellysity o d lasp Gréy.very compact slightly$82_ | 340_ coné sive, gravelly, silly
S0 ””;‘,9 cobb, Iey; _ SAND.(Silty TILL). 3 . cohesive, gravelly. silty j SAND with variable lsyers
Csandy THL) Grey, compact,cohesionless, SAND.(sitky TILL). of silly send end st
v . cavdl Nezz gravelly, sitty SAND. Coitty TRL)
6e28|_ l4ao : ' b ot ;
- Observation wall instalied. 347 458
. €M3| |30 © gzl lesz 1 6308 402 Decomposed ROCK -
PORPHYRITIC GRANITE H ' :
. 629 S3/
aza8) |se0 !
Kock core recovery 40% ;
D54 D55 . D56 D57 D58 D52 D60
6816 2.0 . &873 a8 ) 7000 a0 700.3 28 €78 a0 @582 a4 064 24
GBI 25 Highly argenic TOPSOL €3] 20 Qrgaenic TOPSOL 020|120 orgenic TOPSOL . O C3_Torsor. VT3 12 TOPSOIL Brown, lonse,cabesionless, TEEIT—YOE trganic TOPSOL
. Browriloose.coliesionikess, Bromn, joose,cohe sionkess, Bromr, loose, cohasionless, . : gravelly SAND 23| |41 Brown,joose,cohasionlass, .
o9 &7 mc{umdfo ﬂng SrPETNE, K18 &5 madiomn fo fine SIND. medivrm fo fine, organic, Ui, (0086, Cohe Sioniess, Brown, Joose, cohssionless,¢52.4] £8 Boulders end cobbles medium o fine, orgenic,
T TIstainad SAND ' . UL| |78  stained SAND. gravelly, sitly SAND, medivm fofine SAND, encovntered. stained SAND.
Browr-g ek Gray, looSa,conesIoniess, zoar Browr, foose, cohesionless, 6203 0o -
W7 g3y, cCompact. medum fofina, silfy SAND: My SAND ’ ¢
oabes:bnle_ss,varfbbla, 6820 152 # iy lgravely o g;:_:,‘r;z.%s& cﬂ'grgﬁ;?ag:ss
3 - gravelly, silty SAND. —= & dray.loose,cohesioniass, €558 %.0 cobbles.
codel |k medim o Firs, silty SAND )
Grevy. cg_:mpacf. alr'ghflg Brown, Joose, Cun.-.'-:.....”e“' [=.744 28 ) . b
coliasive, grayell.sitty SAND coarse fofine SAND, Gray, Compoch Colastoniess, Bromn,compact, cohesion/ess Brown, gray, loose, o oravely ety
?'g? ffg‘?f)l of 5ilty sand. _ . g;:a% ;;'_ ,:%’e o o gravelly, siity SAND ‘cohesiontess.varieble, SaNOLsilfy THL).
: : from L) ; :
&sr| |s05 s3] 1200 6725| | 205 £1681.6 fo 6797, (sandy TL) Tl D oy Jenses ewsl | 228
’ T Grayvery compact,
cohesiorniess, gravelly,
o358 |Feo Silty SAND.
Yy 824
’ Brown, gray, semi-compact, gray, very compack,
' cohesioriess, madivet fo Cohesioriess, gravelly,
S| |62 ) . i, sitty SAND. silty SAND.Csandy TILL).
Gray, compact cohesian/ess, . - 6022 | 490 !
eR7 | |Be mediom Fofine, silty SND. S88| | 200 eoszi— 308 Decomposed ROCK ésed| |s00

Swe Generad Nele orr SLATET -2

IN SHEETS

MERRIMACKVALLEY FLOOD CONTROL
BENNINGTON DAM
CONTOOCOOK RWVER

RECORD OF FOUNDATION
- EXPLORATION NO.4.

SHEET NO.
U.S.ENGINEER OFFICE, BOSTON,MASS.18 APRIL 13487

SCALE AS SHOWN

ING

ENGINEER

AL RECO NDED:

APPROVED: /

Dy T EWGNEER

FILE NOM 19-13,/29

I '

PLATE II-7




CORPS OF ENGINEERS, U. 5. ARMY

wAR ULFARTMENT

Dai
a7 o0
2| |z

427

Gray, compech shohty
cohasive, gravelly, silty

T43p

o8
2.0 TORSOL

9.

T59+

T Te.s TOPSOX.

U |

), Grey, foose, 96
cohesionless,sandy GRAVEL.

Compact gravelly SAND
5.0 _with bouiders

_:'_L..p.%

0 ampact SAND and GRAVEL

Yeliow-gray, compact,
S4ND

20¢

D62 D63 D64 . D65
&9zt 80 6487 00 7268 00 WO o0
AlLad TorsolL . 72 l8 _TOPSOHL: , . 7RI a3 _Torson en.a—— La TorsoL
Bromr, loose,cohasion/ess,  gl7i— 30 Brown,loose,cohesionless. " Orowrgray, loose,
Sitty, organic, stained SAND, medivm toPine, silty SN0 248 | |58 coresizniess, variable,
i - \gravey, sitty SAND.
: 42 . Growy, loose, cohesionless, Browr-gray.foose,
&279 £ gravelly, silfy SIND. COPEESTOrIESS, (I1OTRNT?
Gray, vary compact, Fine, silty SAND.
a1t | igo corasioriess gravany swpases, | ise - S :
Bromn, very compact, Groy very compach slight) Gray, loose,cohesroniess,
crsa| | zs COPESIonIRSS, Gravelly, co,i‘%s;y';f' gra:ﬁfyfsf/gl v mediom to Fire, silty SAND.
=== —x%f’i’}‘ﬂ'p SAND.¢silty TILL) segol |z2t0
myeryrmp”t iy, silly a8 | 260 £ Sligh
cohesionless, graveally, si Gy ek SIFQh
SAND Lsandy TILL) cobblas. rayﬁ?'aveﬁi v
ces7| |30+ 3ilty SAND.(3itty TL)
€920 M8 exag 2
Jray, compact, coltesion/ess,
gr:ryvellg,gfq/:y SAND:
86 18Z
Gy, COmpIEE OO /0O,
L7 522 Fine, sitfy SAND.
T45p To6e T57p T58p
20 2.0 A 2
1t Orgorie TOPSHL with boulders {— 148 TOPSOIL , 7.0 MUMUS and TOPSOIL o ,..o Ye/low-gray, compac!
L Brow? Pne SINDand SILT Bromr, compacyfine, Brown, comoact silty, SND uniform SAND
(2.0 with boulders. 3.0 silty SAND. . (Boviders encourterad Yeltow-brown, compae?
Brown, compact, cohesion/ess Bromn,compach slightly g_in sides and boltom of pit varigble, gravelly SAND
a7 gravery, Sitty SAND/ Gandy TL) cohesive, gravelly, silty, SAND ‘ containing cobbles
— =0 : confaining cobbles and Chouid
Gray, compact shighthy bovidery 740D bovidar srec
i | cobesive,graveliy,sitty bev :;smﬂw L .6 _encountered &t 3.0)
| (60 SAND Sy TIL) e of pif shoms &io” '
— _— 4.5 diameter bovider)
Koo gray , semi-compech
slight. c'ohem‘;‘/o, gravelly
& conieiung
1 leeo m,:iy bouvkders(3iity TiLL)
T6Or Tlt SEISHIC_DATA
- a0 Sessmre, Line ] Surface Sex
TEie Orgene TOPSOL  —— T8 prown, sanay TOPSONL . e27 5.0
Vory comogct GRAVEL ~ — 1= Light brown,uwniform, fine fo g , % i ggg-g
rs y T 3 . A
with large bowlde _[ ” rz’;d.wm SAND Fairky foose = o T
5 6983 6290
120 é . 6713 607.0
: A 694.6 &/3.0
drey,compact, shightly - -8 690.3 5700
cohesive, gravelly, silly ] 757 .3 Tasper Fhon |
SAND £silty TILL) 2 BT G490
i o742 ’ o510
N 2.0 Z 7244 6750
/3 &28.0 &99.0
] £922 . &
5 &75.9 Teepar fhar
76 ca7.5 (oear
7 CE7H A
8 743 852.¢

THIS DRAWING REDUCED TO ONE-HALF THE ORIGINAL SCALE

ea. £774
2f—hr2_

100

246

<

] .
1 Brown, compact, cohesionjess,

les

.
és,

&

19,9 (Mo recovery)

H

D67

arganic TOPSOL 4782
Lipht browr, foose
coheaioniess, medim fo &4
fina sitfy SAND.

Bromn, compact cohesiorife
gravelly, silfy SAND (sendy TRL)
Bouviders encountered &t
Lleser

Gray, compact shghti

co}?e:im, grarefgg sif‘fiu

SAND with lanses of ]
leminated sittcaitty TiLL) 6254

& Organic TOPSOIL

Brown, sémi- compact

(8.0 medivm fo Fine SAND.

Brown,compact, cohesion/ess
fina sifty SAND.
Bovkdar driliad thom

120 F16652 fo Fle64.4

Gray, compach shghtly
cohesiva, gravelly, silty
SAND mifh fagers of fine
sand Csiity THLL)

8.0

Decomposed ROCK

Y4

2 Gravally and silfy SND
—gﬂecomposea‘ ROCK

PORPHYRITIC GRANITE

B

o52
Rock core recovery 44.5X5.8| |

badly weathared and
ractured

¢ Hydrostatic hesd st
grovnd lfevel, (800 /944,

Qbsarvation wall instalied.

PORPHYRITIC GRANITE
hadly wagthered jo
£ 5&87.8

e

Rock corerscovery 2¥%

Observation well instalied.

Jze Sonaro/ Nore an PLATE I7- V'§

/AL. RE

SU

MERR!MACé(

IN SHEETS
U.5. ENGINEER OFFICE, BOST

NOED:

VALLEY FLOOD CONTROL
ENNINGTON DAM
CONTOOCOOK RIVER ‘

RECORD OF FOUNDATION
EXPLORATION NO.5

SHEET NO. -

FILENOM 19-13/30'

PLATE II-8



. - .~ g
CORPS OF ENGINEERS, U, S. ARMY

LEGEND
B Test £

& Drdl Mole
\\ . Hote:- :
') V ' Topography taken fromilSC £ &S5,
}_‘ _ ' Quad shaet
.‘[_j |
SCALE 1~ 1000FT

060" Q 000" 2000"

l..nl--ui =1 1
l O e "L ;

MERRIMACK \VALLEY FLOOD CONTROL

BENNINGTON RESERVOIR
BENNINGTON, NEW HAMPSHIRE
PN T GO XL URRATEDON

IN - SHEETS SHEET NO. SCALE AS NOTED
Y. S. ENGINEER QFFICE, BOSTON, MASS. 8 APRIL Jods 9
APPROVAL RECOMMENDED APPROVED: -

-,
ir Ga T WERR v BTV

T |FILENO. MI9-13 /31

CHARACTER DATE Ead (le%ig\w:gy\m ":.'"
PLATELS

REVISIONS




WAR DEPARTMENT J ' : CORPS OF ENGINEERS, U. 5. ARMY

D08 ‘ DI & _ D-12 D-1i3 ; D-il4 D-115 D-t17 D-l19
e3¢ 00 —— 23 20 ) _ M2 o0 727 __ 0¢ o e 0.0 7282 00 : 93 00 897/ 00
Zzgof—heo Jorsorl. Gray semi- compacl Ho2 T LO_TOPSOIL (2.5 _ToPSOIL. ] 774 10_TJOPSOIL ) 7277 85 TOPSOIL CBAI 0.5 TOPSOIL . g 05 _T0P5OIL
st | 4.5 Drown semi-compact cobesonless fine Brown, semi-compsct Brown -gray Serm /- _ Brown,semi-compact ] 4bag| |45 Brownloose medivm Brown semi-compacl
- me;d:um fo fine, 6.t 70 Silfy SAND. gravef/g, Silty SAND. 7, 66 Compatigravelly gravelly .si/fg SAND. Browry semi- compacf if_o Fine SAND. gravelly SAND
Lsiity SAND. R e iy 175 R 51Ty SAND. gravelly SAND. Brown semi-compact 834 |80
& Brown. compacf 13y 2 é93¢t |90 rows),
Brown-gray. compaci, ) gravelly SAND. § gravelly Send.
slightly cohesive, oyl M3 it Brown-gray compact i =y €783 |iZo
gravelly. silfy SAND T b pepTiEe— s/rghtly cohesrive 1 1. e 1433 Brown-gray, compact Brown- gray compacl
Kjr/f‘y 77LL) Brown-gra. ,compacf’ gr@veé/y,.i//fg SAND Br‘own.j;grag, co,:npag;‘ ) Y. /6.3 3//.'4)‘;}'} cohesive ‘5/,.'9/;f/ cobesive,
o5 [/85 slightly cohesive 75ty TIeL ) Slightly cobesive, o gravelly sifty SAND gravelly si/fy SANO
- gravelly silty SAND . [qca velly silty SAND Browngray, compact Isitty TTLL) (silty TILL)
selty Tict) silty 7?%1.) Slrghtly cobesive, Brown. gray compact
sogif 1250 el 124.5 T ravelly, sitty SAND . 5/;57/:::/)1, cohesive, el |eso
- H fsilty TFLL) gravelly siffy SAND o
g (sifty TILL)
édon  |330 t
i wzd. |3s0
T
6654|430
:
i
t
}
{
i .
'g':
; L]
T46p. T47. , T48p. T 49,. T5lp. T 52p-
T ,10.0 Organic TORSOIL 22 : 2e &S ropsoit. 2 oo
416 Organic ’ - [ 70 7oP3SO/L - ) . 1.0 TOPSOIL =T 7.0 7T0OPSCIL
5andbgGkAvfr_ with 40 Loose, gravelly ._5AND o] — Eé_cqmpacfmeaﬂrum Ay —E Coraek 9{3%/59‘54”0 _r_1‘1'3'_‘;..7,e//ow ravellu SAND
20 <°° fes and boulelrs. Compact variable Compaci variable [frme SANO 2.0 —pmerous wbjf S SAND — 257" o -55”29 GRAVEL.
' 5 sandy GRAVEL grave //g:s,qﬁo_ : 8.0 compacl gravelly SAND, a.o Cornpact. gravelly g
120 (5tep cut-Nof sampled) Numerous cobbles.
Cormnpact grave Hy 16.0 :
SAND. : E
2L5 » i
24.0 Very compact, Sar 1
1 LGE‘% VEL Pcob.{a/e 5. 4 ;
| Compactvariable. ¢
265 gravelly SAND.
NarE
| C This record includes only selected
T530p. T.54p. T55p. ’ reEpresentive Sxplorations,
Po_o {; o ‘ g o : C See General Note on Flate I-4
el 7oPs0rL ) £0_ TOPSO/L. 15 organic TOPSOIL :
4.0 Yellow loose, gravelly SAND Brown, sermi-compact — ‘—4_5 Brown, loose, gravelly SAND
6.5_Brown.gray compas - |20 gravelly SAND. 6.5 Brown, compacl gravelly.
gravellg, sct I’;AND g Y R AN
|| I_ (ssndyTiLL) || Silly SAND. f Siohth
. . fs
Gray very compact, shabtly e e Ry sty SAND .
. cohesive gravel;gjilfg.ﬁ NO. 9.0 (silfy Tree) :
0 {5ilfyTice) " MERRIMACKVALLEY FLOOD CONTROL
BENNINGTON DAM
| : CONTOOCOOK RIVER
; RECORD OF BORROW EXPLORATION-
IN SHEETS SHEET MO SCALE:AS SHOWN
U.5.ENGINEER OFFICE, BOSTON,MASS. _, ;I8 APRIL 1875,
APPROVAL RECOMMENDED: APPROVED- /
. £ -."‘/ DIVISION coLoRE PS OFE )
THIS DRAWING REDUCED 7O ONE-HALF THE ORIGINAL SCALE FILENOM19-13/32,

PLATE IIH0



WAR DEPARTMENT ) . . CORPS OF ENGINEERS, U.S. ARMY

............. . R . - - - . R . — e - . B} Al "
1%:-:1:-‘?1;‘-1; w s g s m“-nl—um - N Plewmnr . mwjﬂoﬂphh:n'- . : . ”m':-—-u--—t-u_ W w Hybowter . - 5 \\l i i‘\ ) ]i
f g ¥ - } LB | ¥ i s i
R =il ""S-\ : j mg,gm mi N \\;. : Gmggss&ﬁg:g SELTY !c;.umsn f % \ i
M ™, "\ - " H o 5. ] Pl T ) [ PROPO! IMPERYI - 4
" N S - i N SAXD OVERLYING TILL. - ‘ TORH ._«\ " BoRROV MATERIAL, % s RF“h g ++
; 5 T GO U I I T e & -
) R IETTEN I N 152 N VeI NI o ) e . § RS
AN EEN N~ \ GEADATION RANGE i N 1N X GRATWTION BAFGE OF B =
§ X RITIN =FR or sasor #ma. : . §e NN N T B g J 3
3 N, SN T Nz o -] i X ] Ay 1 BORROW KATERIAL. - Y 1B
] GRATATION BANGE OF NIIR a1 \ /A 3= Wik TN S (PROPOSED BASDON FIIL} | &
HiLE  shuey T, N - 1 q FT N . . - - . <
l : T ARAIA i M l - [ N N .
[T [LARRIL L 1120 N W AN = N ] N % ga
GRADATION RANGE OF LLL T D ) b 1 A, o]
SO0 AYD SIze 1w ] X ‘ 3 AN Rl # FLEE: {* :
- WYEST ABUTMERT. Y N = . ol T3 e AT T - N [] E " .. =
. o % N Y | S ) || GRATWION RANGE OF GRAVEL [T | | SN ! ] = t i N :‘ H
Bl i~ k . wl.  AND SARD IE PROPOSED SOURCR HTS MY [T |- ! o X \\l“?\
SN I OF PXRVIOUS BOREOW MAYERIAL. AR 1200 L I¥SSNNNERE R RN RN EA AL & L
LY i Lt I 1]} ] [ TS I T l H a 5 ) fL.] 20
= a-.a.g...m ot o R *® : [ T — oo o1 Water &mtent, w, in Percent of Dry Weight
Large Gl R — Fre I Sood Yoy Fe i Gy Lorgt Geret Meckorn Gravel Fioe | Qoarme | Mt [ o una | 07 £ sk Cuy
I [ &= E b ] S | : l“’-—l—r-[—l—‘*‘ e | | | - MWAX. DESSITY < #li MAPL. = 138.2°
: OFT. WATEE CONT.C#4 MAT'L, = 6.7
_ ‘ - . ] - COMPUTED MAX. TWNSIZT OF TOTAL SAHFLE » 132.2 p.ef,
GRADATION OF FOUNDATION MATERIAL , GRADATION OF BORROW MATERIALS Nia1L. EISAINRD OF #4 SISTE = o aks
| FIG. | _ . FlG 2 MOISTURE DENSITY CURVE FOR SILTY TILL
T3 P ’ ’ .
N ; 5 =T | FIG.3
1! IWHERNEGEE
g : SUMMARY OF PROPERT{ES OF MATERIALS ENCOUNTERED -
38 : ' IREFTIFICAIION —MATVIAL | FROPIRITES ‘ N
4 : s ’ : COMPACYION CHARACTERISEICS
o : warez | per Yoio [PEBMEA- | sz PERMEA. | SHEAR
5 ; - ¢oFmiay |DENSTTY | Faflo (Blidws LABORATORT TEST DAZA () s% BILITY | STEERGIE
2 = mz OCCURRERCR SLASSIFICATION v a . x 5 MIN, IaY | ax, mey| OfF: 0" S 3
5 : : ] il TEESITY | TRHSITY | oprmer | DA% IRY
“_ ¢ A - t ! bt : . * B dry wt.| p.c.f. 10-% deg, T | == TEHSITY 1.4 deg.
& o H i H T i - onfsoe pecet | veet, Boarvout, | pee.f. Py
5 o SUPPLENENTAL DATA (1) (2) (3 ) (53 (6) [¥)] (8) (9 {10) {11) a2 13} {14y
& A 1 H Foundaticn tsnm-oum.a Tariabl well, 20.1(v} | 13.6 0. .0 .9(a . . X
@ TYPE mrmuﬁs; ﬁiﬁfﬁé‘yﬂm TOTAL SAMPLE DATA %E% Metoriels g:xpfm . a::. :nzyer:n v L (1b§ ’ (]}.9) (1%) 3“,“) 22:. a3 12(' 3_(.) —— 1(2;)0 2,2 ,32,
518 ‘ 1t 5-31. - .22-D.
§ : ; 7 'Mzm. . DRY WATEE |% RETAIVED DRY : il S | el p.22-o.85 5803 | 10813 nsin
jw e an s nll B CLASSIFICATION | ENsITY | comtknr on DENSITY . '
TR RN NRRY R B d o ~ 1% s - Tpper sone Weathersd brovn 10,3 128,0 0.3 c.1 126. .0 128, 0.1
o _.V,}, = aa awnn _ e AVE g = pof of THL soady TILL (21 (n {5} ent. 2?;. ——— (2) Tm ?z) (215 oat, 522.
=P : z A~ illﬁy omodded dry 1 . 21 129 1.1-28.9 [116-13% D,30-0.36 26129 | 8.0-10.0] 126131
-1 i t - . .
3 1 e - - Prin¢ipal TILL Gray compact 9.4 | 132.7 0.29 0.01 35 135.7 L 1 0.01
un -1 1 B - S1lty | Remolded st opt. == 0 T 3E°5 " See
H-+ B R S o 7.0 2 13 body eilty TILL {3) {(z5) (18 t. t. —— { Y t. Pig. b
; H ‘m.'t" ."'.t_". ““.t"“t, , . S : 5.7-11.6 |121-1L4 3.22—0?38 i e : 133-23&' 7.(‘1—%.6 13'(1-{!*2 * e
; T T ; T T _
: QPR Erurhrih e il it il .
T nEnd e i e nnEn anaEs awn na; : Wesk Abutment SAND end SILT B4 105.2 0.65 1.0 30 103.% | 230.6 130.6 1.0
) 1 - B e S T : . {8) (8) (8) eot. oat. (1 m —— IR .
) RORMAL LOAD,TCHS PLR SQ. FT, : : 3213 | 1AM p.21-0.85 i,
ENVELOPES OF MOHR CIRCLES FOR REPRESENTATIVE- SAMPLE OF Betrov Iuporvious staey 18 .o |uos | o | o | 3 Wt | ams 001 | ses
IMPERVIOUS MATERIAL IN CONSOLIDATED QUICK SHEAR TESTS F¥aterials LEss . 1&?1 1a§-a11)4h Jé{g)}s ent, est. mnra— g,:.—-ﬁ: |7 l()!_a% ¢ is'.(rh%hz eet. Fiz. b
FIG 4 Esndon Silty SAMD ang 9.3 | 108.7 ot | 1.0 5 122,3 | 107 133.9 1.0 5
) ‘ i 11 sandy TILL [$35)] {9) {11) ent, st — (3 (1 3 eat. ast.
) T = i I ! B.l-27.2 | 4171 p.23-0.82 109-1%¢ [9.5-12.5 | 11857143 -
i s T ;
: Pervious GRAVEL and SAND 3.6 | 127.5 0.47 |10-100 35 95.7 | 120,2 133.0 10100 | Soe
R . M1 (19) (23) (6} est. est. (5) (5 -— (5) est. Jrig. s
£ 3.0-6.8 | 98-150 |n36-0.56 88-105 |110°12k4 : 116-16%
p HOZRS
; () ELsboratery test data for material passing No. ¥ meeh sleve. ~ {c) fest." indicaten setimatod values based on tests on similsr materials
2 (v} Except whore wmaed to nuxber colusn headings, figures in { ) under for other sites,
g NN RN average data indicate zumber of tests. . ! (d) Ninlmun density obtained by vlacing dry saterial in coatalmer withont ’
~6 B MR i ] i Piguros below { ) indicate range of teot roewlis. coupaction oF vibratlon.
£ prdr ; 1 RN B o i REEEN R (e} Weximwm denaity obtaimed by impact compaction in thin layers with
= L 3 i SUPPLEMENTAL DATA ceaplete saturation,
!5}‘ : = . . - [£4] no?‘lﬁnd FProctor Test.
] ! | e TEST SAMPLE DATA TOTAL SANPLE DATA -
g I o HATERIAL PASSING 3/ SIEVE
& DRY WATER | % RETAINED DRY FIG. 6
MATERIAL | (1asSTPIcA?ION | DENSITY CC‘I‘.I‘EHT " on EE?ISIIY )
4 - poflw- 124" s3pvp = pef
BE ‘ = MERRMACK VALLEY FLOOD CONTROL

"G weetary, | b7 | - ) % e DTN e
2
e - edtun L any, SOIL DATA SUMMARY -

SARD dense

IN SHEETS SHEET NO. SCALE AS SHOWN
U, S. ENGINEER OFFICE, BOSTON, MASS. /15 APRIL 348

’ " HORMAL mAD.TDNéO}ER 8Q. FT. ’ . ’ . . APPR VAL}ECOM ENDED: APPROVED: M / ,‘/
ENVELOPES GF MOHR CIRCLES FOR REPRESENTATIVE SAMPLES OF 3&& *ﬁéﬁ—zﬂ—ﬂm B

PERVIOUS MATERIAL IN CONSOLIDATED QUICK SHEAR TESTS SURELTY)

s i
SN NN

FIG 5 . ) HO. CHARACTER DATE |APPR’

?'fJfSl)fﬂ,fI//La,P‘_._;u ED T ONEMALF THE ORIGINAL SCALE - REVISIONS AL oo B |FILENO. MI9-13/33

PLATE II-1I



WAR DEPARTMENT

CORPS OF ENGINEERS, U.S. ARMY

GENERAL.IZED SECTION AND FLOW NET USED TO DETEQMINE FLOW TO DRAINAGE WELLT

0 12678 grovel wells with 6"#drain pipas, closed joints 700
except below TILL. Wells of Fsef 257 from collector -
pipe gt 100" intervals. Pierometers instalied. ]
micway belween each well, _ [ —Drainage well collector
680} AT = : pipe with flow meter lean
Contoocook i__H- T H instalied.
River 1 8- b .
' r e H [-H-— Piozometer to axtend
-1 H H L /0" befow bottfomof THL}
BEOF ~ Grovelfy ord sity SANO H /: -1 880
~ ~ 77 Perwoz/s)/ o H E Dremage well
%8 1
~ A &G
840 ) H A H 7 w, 1640
Serdy and sitty TIL il E | i g : arave "é’gefzguij ty SAND
¢ Irnpervios) H [ M i Y T ;: I
191 . o 1 A
—— / TR A
. e20f ~— A S T H Js20
— H r = " i [
— Vs FRE ST T A
FORPHYRITIC A I N A I B
GRANITE o T bt
600 ) 1 H ] ) 1 1 —L 1 1 | 60 \)
14 [{3] & 20 22 24 26 3 30 32 34

THIS DRAWING REDUCED 70
PORTION OF GEOLOGICAL PROFILE 200 FT D S FROM @ _OF DAM ONE-HALE THE ORIGINAL

SHO\NING PROPOCED DRAINAGE WEI_L INSTALLATION o SCALE.

wor L ordominitia) | 12 | ¢ of dem (Uttimate) 77
ttimste moximun Lo £1.73000/fimste)
e £L7234 R ~ rr
Initial mexirmurr wmafer surface Li7RS) 7 A i L ELT24 O htial)
Ta0r water surfece & 768 == _ R : ; ; %‘, 1720
—_— e i SR N ~
g / \\ ™.
- 6= 4 N N
7001 T . Esdinated { \\_‘V\ 17
L'ompa:fea‘/ : (,ompdc‘fea’ max hine of
Pervious Fill Randorn Fill Seepege c =
K103 comfooc HApprox i om/seer— C ompacfed 7\ Compacied \\ A omp ac’:ﬁ 7 Fslimated maximum
=T s lmperyious AL Random i~ 0t O taivater 216750 Leeo
s e H<I0E crmfsec Ake gopron 10 omfead e '
e ca s 7 [~ 7 A Downstresm ferrace £LE70.0 .
I ey Pl —————————— e A i t——— TR e e 1
—_—— T T — SAND  HeApprox./0°f emfsec al
660 —_— —H&e60
—_— -
Notes: Sendy end silly TILL
- &) Embartment considered stralified with Kh 4K, k= 806 omfsec 540
sy (&) Foundafion Fill corsidered isotropic -
Flow net shape Factor (hﬁ)' 2.6
Est max. effective head 7 =39.0 f
£5t max. Flow per lin. £t = 0000003 . Fs.
6201 ' 1620
— YT
UPSTREAM e e DOWNSTREAM
- : — . , PORPHYRITIC GRANITE
1 1 1 L | ] ! | t 1 1 | 1 1 1 1 5 1 1 1 1 t s ! 1 ) 1
240 220 207 180 160 - 10 12¢ 100 &0 [ a0 20 o] 20 43 60 80 100 120 140 163 180 200 220 240 260 280 300 320
760 - FLOW NET FOR T\"PICAL VALLEY BOT TOM SECTION' 9760 Plug
h}ote.s: Flow pet shepe Fector (EZk 0120 dround surface .
@) Flow netl drown assuning L5t max. effective head 2390 A ; Py . .. .
free dischargs ot hne of Esh max. Flow per inft < Q0005 c.Ps. ’ fé of dam (imtial) ,f. C/osde d joirt ggcf;’fﬁ
2 drainaga wells. Es# maax. foral Flow(1000iafl-0.05 s or 0gpm. - % C’o//ecr‘oﬂ ree draining
20r (B Seepage essentisily horizonfs! Est maex. Flow per welf =005 cFsor Taam, 1720 3 Fioa )
and Ky assumed egual fo K, [Center ine o drainage mel insioliation = .
Approx effective discherge ot EL670.0
&30} Grovelly and silty SAND leso _‘____ Tl R
- Sc'mo' and sitty TIL  K-<l0% cofsec Drainage well discherge” : 8" el )
] f . “Ty T e - ? v Sitty Tl 6" Closed _joirnt. KC. pipe
640 E T l - T — . Je40 Impervious backfill
. . {__ r&vel/y and sx#y SAND |1 E
‘L £ 7 Mex A"/O"Cm/sec | 1 /__/ —_— }-—5- - ”
’ ’ — PORPHYRITIC _ 18" Drain we .
B0 .L.l_,J_ I ,L_L f _,J_ _L __j\I_L I I Ty B T GRANITE . Gravelly and G Perforated V.C.pipe
) , , : , - - . S UL~ A T ) f . 180° sk sawp Gravel filter
440 400 3du 220 283 240 200 160 120 40 O a0 120 160 . 200 240 280 320 360 : .

———— — ———

Screen

DETAIL

NOTE:

flavations ore bosad on USC. & G5 Delum of

Mean Seg [evel

MERRIMACK VALLEY FLOOD CONTROL
. BENNINGTON AM
: © - CONTOOCQOK RIVER

SEEPAGE ANALYSIS

IN SHEETS SHEET NO. SCALE AS SHOWN

t], 5. ENGINEER OFFICE, BOSTON, MASS. /I8 APRIL)@ds
APPROVAL RECOMMENDED: APPROVED:,

1P INGINEERING DIVifIoN TOLON G N

oF ENG
ICT Ered IMEER

NO. CHARACTER DATE

REVISIONS

FILE NO. Mi9-13/34

Pl ATF TI-12



WAR DEPARTMENT : : : _ : CORPS$ OF ENGINEERS, U.S. ARMY

! .
Treal I8 — 180' R \7
J _ Srabiiify rofio 70 Ground surfsce £Le750
|
Friel I - 160°R rrisl I~170R. |
" Svability retio= 182 ol L it - !
A "] Srabilify retionlG6 TAND ord ,
|
L v eimiasi 1 £ 7300 1 , !
L L _ Trial I —150'R
Tria/ ZI— ]65’9 ) B QT Oung w"’?—e - T o ::-10:"/ 73 nrj L)
Sisbility réfio= .80 £1.710.0 N : £1L710,0 ,._:"_—/2_.__ N e
e ¢ N Do
B viows £ : Cormpscted 15
/gg’fy/ CO”;,P‘?C J’:f";' Compacted N pervieus Fill ‘ ;
~ rendom Al | impervious\Compacteds ' 3+35° £1.6660 Sitty TILL
: - T ., 35 i random
3 e o p350 \'muy N
; e e :1 #2325 : P Analysis conditions
& L RSl T o e T T e (8) Shear strength of TiLL taken from
N - : ——— . Line B of Frg 4, Plate T-//, ) .
L T Grevel and sand ‘ ° (BShesr strength of SAND and GRAVEL e :
PR an st ‘ RS /
et oundstian : — token from Line B of Fi35, Plate -1/, R SR /. &490
Tt L et ) | (c)S/qu af::a/yzed For case of‘:fu// :
Anelysis conditions ‘ ‘ . f"’iﬁfg S 7 arvel endno drainsae
@) Shesr strength of il meterisls represernted by sm ’ ’
angle of wlerne/ frickion of 35° for conservetive
® pre;;‘m;nerg. SNS/y5is, ‘ . : |
Lpstresm Slope sna/yzed For case of sudden dorewdowr .
of ool From E1. 717 #o £1 667 with full dnsinbar oF TYPICAL ULTIMATE EMBANKMENT SECTION : SLOPES FOR SF’IL"LV\'IAY EXCAVATION
} g;mpac;re: PeVIOUS 8NE reandom sections - ' Scale: 173 '
(= wrstresrn slope anslyzed For cose oF suydoen . ‘
¢ drawdown of pool from E1.678 #o £, Cer vsth Sl - STABILITY _ANALYSES
Dromsge of compacted perviows and rondom sections. :
we . Qo
o - * o -
22 IS zz ¥°
= T
i T E——
B, 52w
£ ~ e —
0 = ~ Q
o (o]
oo s Top of Hill
780 of Ak
L5 . NOTE! g
elail on Plote JT- ’3) . S ; N Flevations based on LUS.CEGS Dot of Mean
, ) Ses Level
Silty TILL N X Sitty THL '
Estk =10  imfyec, . : Fst k40 em,
: EsfimsTed 7op of badh 7 Ved \ < '
~Eshmated Ffor of badly westher Estimated top of badly weothered
PORPHYRITIC GRAMITE PORPHYRITIC 63?-4?\// 7E; - MERRIM ACSEVNAI\IJ_ILFJ%YFCi): [lJ_OD(/)f\?A CONTROL
. . CONTOOCOOK RIVER
‘ ) iN SHEETS SHEET NQ. SCALE:1IN.=20FT.
! : U. §. ENGINEER OFFICE, BOSTON, MASS. 4 /18 APRIL |
FLOW NETS AND UPLIFT_DIAGRAMS FOR SPILLWAY ==
. NO. CHARACTER DATE n "
THIS DRAWING REDUCED 70O CNE-HALF THE ORIGINAL SCALE REVISIONS FILE NO. Mi9-13/35

PLATE II-13



#i-I1 31V1d

WAR DEPARTMENT - . . . CORPS OF ENGINEERS U.S. ARMY
SRS g a4 ey e . i '
100 ? T 1 ‘1_%—’1" T T _? T T TT —T—_T—'l_?-—H" - “ lJ IJ l l 1
_ R
) ‘ . i \"1\;.‘. j .
% _ . e — 3 T 1| Representative grada-
1T - —h-H Ltion of finer limit of
o . A N material to be protected
_ Winimm 4850 assuming ri1ter 1 A by filter material,
wH- - 11 drain pipe with 1/4 inch {04 S S
: ptrroratiom. : _ ‘ _
,‘im B\ | _ TN \
B T N - 7 Y A
; s x: : :
i /"’ f) . e b . \
w b
E £ . r// - o - - A\
Gradation range o ' ( B - __ TN
*|GRAVEL and SAND in propowsd <P T TTT 7 X 1
' lourco of pervious borrow )(\\ T . : ‘.\
»{and in structure excavation. EN : , ~g-
ol Filter material nay be obtained S g‘ 1 - \9; M N
- from these sources by selection or . ~], ¢ Renge of digp
by processing. B Max, d15e 35_1_, Min. i5e . 415
R 50 0 g 05 o1 .01 L7 1
: . Grain Size in Millimeters o
. Large Gravel Medium Gravet Giiar\::l Cs?nrcsle Mgo::ém Fine Sand Vesrznl:iine _ Sitt . - Clay

U.S. Bureau of Soils Glassification

BENNINGTON DAM-FILTER ANALYSIS

9€/€i=6IN ON 37114




CORPES OF ENGINEERS, U.S. ARMY

WAR DEPARTMENT

B e it

Flow nef shape foctor - 0.25 . 20-0" - . L. 200" N
¥ o 2 L 2 P Y WY ———————— 1] H
Fst oot tract 28 =

| Top of Cofferdam E7.685.C - CASEL, R=74
Est smapage per lin. fFf = Q00805 ¢ ¥s. e T ST T i Y fabi/jf} Rafioxl I - 4

Design Maximum Water E/. 680.0
2 Voriitie graveliy andsitly < TG ' e B 22
o i /

Variable grovelly and sitty sand
#=35°

t

Minimum Wafer £/ 6678

RN LT SRl Y

e

‘ e B River Boffom E1660.0%
Gravelly sond I JK=1073 cofiomc ] / 7_'\&{_ YCoarse bank run gravel foe drain Gravelly send ¢ v 35°
Sandy and sitty TILL ' ' Sendy and sitty TILL
. Koe<O
FLOW NET FOR RIVER SECTION _ ' : ‘ STABILITY ANALYSIS FOR RIVER SECTION
L 20p”
Top of Coffardam £L685.0

Flow net shape faclor 0.5 ’ - -

Eshmax.affoctive head s 10 . R

Est seepage perlin. ¥ =0.0000/6 c.Fs. 24 Variable gravelly silly sand - Design Maximum Waler EL680.0 -

/ !
-4
K10 cm/ser:. ! I‘,-.fé t; - Ground EL&E70.0*
, Tepsoil /. - /1. / / |, [Coarse lhonk run grovelfos dran

Gravelly sand

Elavations are based on U.5.C. £ G.5. dalom Mew: Soe Leve/,

Sandy and sitfy TILL
Ko< O

SMi

EAT NO.
A1

IN SHEETS

' : MERRIMACK VALLEY FLOOD CONTROL
FLOW NET FOR LAND SECTION , , 'ng‘uﬁoocom DA
| STABILITY AND SEEPAGE ANALYSIS

FOR UPSTREAM COFFERDAM

SCALE: 1= 05T,
APR. ol

FILE NO. M19-13/37

 THIS DRAWING REDUCED TO ONE HALF THE ORIGINAL SCALE S REviRioNE

————— —— — .k
PLATE T-15



~ VWar Department
United States Engineer Office
Boston, Massachusetts

DEFINITE PROJECT REPORT
PENNINGTON . ERSERVOIR
APPENDIX III

HYDRAULIC DESIGE

To accompany definite project report
Dated April 1945

S DT L GRE  TAT UEA




Poragren

-

leloefie

L]

Flate 2

II11-1
111-2
III-

I11-

111-5
111-6
111-7
1I1-8

DIFINITE PROJECT REPORT

DENNINGTON RESERVOIR
APPENDIX III - HYDRAULIC DESIGN

.CONTEBNTS

fitle Poise
Cutlets I111-1
Spillway II1-3
8tilling Bosin 111-3
Toilwnter ITI-4
. PLaTES
Title

Dischar;e Reting Curve of Single Conduit
fonduits - Hydraulic and Encrgy Grodients
Conduit Velocities '
Peilwnter Conditions During Comluit Dischorges
Spillwny Roating Curve

Desirm of Spillwny Crests

Tailunter Rotin: Curves

Spillwny Stilling Basin




_ DEFINITE PROJECT REPORT
v o 'BENNINGTON 'BﬁSERYUIR

. APPENDIX 177 ~ HYDRAULIG DESIGN

- a, Outlets.a (l) Pu;gose.- Tho outlets ‘will be used initially to
\control freshet and 'flecd discharges and the daily releases from the
“aXisting Powder Mill ResorVoir of pondage required by : the power dams.in
Bennington. If: the dam is raised to its ultimate height, the outlets
will be used alsd tor control the releases of the additional conservation
storage created to rogulate the low-water stream flows for the benefit
of the downstream developments and sanitation.

A2) 8ize and Invert Elevation.- ‘The spillway creat of the
existing downstream dam (Monadnqck Power Dam) is et olevation 663. 5, .
and with 2-foot flashboards c¢reates a normel tallwater slevation of
665.5 at the proposed Bennington Dam, The crest of the upstream dam
(Powder Mill Dam) is at elevation 675.0, but with existing flashboards
a conservation pool at alevation 678, 15 ia obtained, To meet the re—
qulirements of. these existéng developmonts, the inverts of -the outlets
asre located at slevation 667,0 which provides sufficient depth for the
drawdown of the present conservation storage, This elevation places
the inlets below the elevation of the normal ‘reservéir surface, and the
outlet portals above pormal tailwvater, thus reducing difficulties re-
sulting from ice conditione which ‘are likely %o oecur in this latitude,
This elevation alsp orsates & small drép from the outlet portals to the
© tailwntern; which is advantageous as an &id in sp?eading the jet before
it submerges into the 8tilling basin,:'

The size and number of outlets have been selected to satisfy the
following conditions.

(a) To diecharge normal claily i‘iows. .

: (b). To. disoharge approximately L000 c.f B, with reservoir
etage at ‘initial -and -ultimate spllivay crests’ without partial gate .open~
ings, for the control of flows during flood periods and for emptying the
reservoir following floods,

r

_ (e} To.provide flexibility for po351ble changes in
operating requirempnts.u- \ . '

(4) To distribute the discharge over considerable width
‘of the- stilling basin to produce the hydranlio jump and dissipate the
,energy. - JEE R “ti .

-

(e) To have additional conduits far emergenoy in case
gates becomg inoperative end to expodito the emptying period following
a full reservoiry . ..

I1L-1



To meet the above requdrementsk eix gated conduite are providegd,
each warping from 4 feet wide andZG feat high at the gate sections to
6" wide and 5'-0% high a outlet ‘portal’ section. The
sectional area therefore decreases from 24 aquare feet th:"
conduit section-to: 22,50 squars feot at. the: portal ap.
III—}. With.thie arrangement the hydraulic control wi‘

designed to be slightly flatter than the theo
‘nappe. of the discharge Jet when operating: uneé
.dyit hag the following diacharge capacitios for:

elevations. ROR

Wlevation L

678 Normal Surfa of Pewder Mill Reservoir
705 Initial. Spillway Crest’ % :
712 Ultimate Spillway Grest

In the operation of the initial development four outlets will
normally be used for - regulating flood -flows and will diecharge 8
maximum of 3680 ‘¢,fy8,, and in the ultimate development four: outlets
“will be used with a maximum discharge of HoHO eyt 8, The: gates will be
operated to empty the reservoir as discussed 1n Paragraph Hy of Appenw.
dix I and as illustrexed .on Plate I~21 :

the outlets

(3) Discharge Gepacity.# The discharg'
des from trash

is based on computatlons eummarizing the various head’

rack, entrance, gate- -slots, frietion and ~veloedty head, An ™" value of

0,013 is aesumed for the friction coefficient, The discharge capacity .
for each outlet ie shewn on Plete III-l : The. hydraulic and energy

- velocitiee shown on- Plate 111—3 The discharge conditions from the cons

duits cannot be readily analyzed. ‘The hydraulic Jjump.curves ehown on

Plate III-4 are. ‘based on the asgumption that the discharge Jet having
the initial. depth of &3, will spread with-a flare ¢f.1 on 4,
is based on the accepted maximum flare of stilling. basin walls; both in

model studies and prototypes, It 1s assumed further that. the discharge '

will follow the concrete toe of the spillway and-spread with a decreas-
ing depth instead of "boring! into the tailwater, Thege ‘assumptions are
substantiated by ecomparable hydraulic model studies, perticularly the
"Model Study of the Spillway and Stilling Basin for the John Martin Dam,
Arkensas River", Teehnical Memorandum:No, 166<l, .and’the "Model Studies
of the Spillway and Integral Sluices:for:ihe Gantsn Dai, Nerth: Canadian
River®, Technical Memorandum No. 190-1, The eomputations'indicate that

I1I-2
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under most unfaverable econditiens the‘hydvaulic jump will take place
before the discharge spread from sne conduit overlaps the discharge
from the adjacent conduit, However, fer optimum st11ling basin con-
ditions, the manual for the gate eperatien will stipuléte  thet alters
nate gates will be opened until a fourth gaﬁé is required.

, b. Spillway.~ The gpiliway for the initial- development with eregt
at elevation 705 is designed fer a discharge of 45,900 ¢,f.s, with a
length 6f 300 fest and an agsumed’ "C! coefficient of 3,8, the maxim
head ‘on-the weir 1s-11.8 feet, - (Spillway-Rating Curve, Plaﬁe IIIe5) )
The larger surcharge storage in- the ultimate development results in‘&
peak discharge of 42,200 -with & head of 11,2 feet, The shape. of the -
initial &pillway crest cenforms. %o the exponential curve recomﬂended B
in Cireular Letter No, 3281, dated September-19U4, relative. to thah
‘subject, This exponenti&l funotion is - expressed ae folLows.

Ay

. 1,85 .0, 35 o
o X 1::2H .' . -:‘...'.‘

where X = horizontal distvance from ogee crest line

' " Y = vertical distance below ogee crest 1eve1 T
H, = design head.on ogee cresy (does not 1nclude'

c.
. velocity of approach hoad),.

The- curve from bhe upstream face of the dam to the crest is a compound
curve conforming to- simitar recommendations in the ebove Circular Letter,
Plate I1I-6 shows the preposed spillvay crests for the initial and ulti-
mate developments._ A9 1t is. pnot- possjble mathematically to heve both
‘initial and ultimate.arests conform exactly to this function and have’
“both tangent to’the downstream slope of Sthe spiliway, the initisl crest
"~ is designéd to conform te the récommended exponential function, while »
the ultimatée deviates slightly, The proposed ultimate shape 1s plotted
on Plate IT1-6 with the theoratiecal function for comparisén, The
difference is so smell that no difficulty from negative pressures or
reduced "CY values is an&icipated,

[ Stilling Basin.— The stilling basin 1s designed to produce a
hydradiiec jump to dissipate the energy of the maximum spillway discharge
;ogeurring during the mest unfavorable tailwater copditions, Contrary to
firgt conception, this design eriteria is provided by the discharge dur-
ing the initial develepment. {crest elev, 705) .instead of the ultimate
development (crest elev, 712) due to greater discnarge per foot of

" ‘length:ln the initial development which more than offsefs the effect

of the ndded head obtained in. the. ultimate stage, The reqnired depth
of tailwater 4e derivod by the  formula. for the hydraulic jump in
-rectangular channelsy - o .

*
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-,Ldesign flood,h

approxi—,'

g 7 P hiof:
"'stilling ‘basin: t8"app ately : er: depth which is a
_conséervative - relationahip to minimize. ‘the erosion of material in the
discharge channel, The average’ velocity of: the flow discharging from’'
the 8tilling basin is approximately & feet per second, . The size and
spacing of the baffles fol&ow the usual conventional pattern.

d Tailwater.~ The normal tail@ater at tha Bennington dam site is
controllad by th [ : ’ ¢
The crest of the o

' total computed disch&rge capac
. the abutments is approximately
' flew of record :

Dam and the adjacent topogrqphy was - ~hy

that véach of the river. Assuming that crztical flow exieted atithis
section & discharge rating curve was ‘developed, -and - backwitsr compu-
tations made to determine the~stages at the s1te of the proposed dam
~ for corre5ponding dischargea.“'mhe results of #H’”" "=kwater computatione
. are indicated o8 PlatefIIIwT

'. the dam ig entir;

. : Based.
on theae compuxations it is eetimated that the’ maximum tailwater at the
Bennington Dam will vary between slovation 676 and 678,

I_I.:Ir-‘.m
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e DEFXNITE PROJECT REPORT .. s .

BENNINGTON RESERVOIR T
<o APPENDIX IV - STRUGTURAI:QESIGN
a: - Selectien of Stfu tureg.- Because of the heterogeneous founda~

tion conditiong and depth to bedrock existing throughout the ontire
area of the preposed dam site, numerous locations and arrangement of

‘structures have beew anglyzed within the reach extiending from the

exiéting Monadnock Power Dam to .a &cotion approximately -1200 feet up-
stream Trom' the' Powder 'M1311 Dam. Considerable foundation exploratlion
worlk ha's beén mecomplished within the above noted reach (see Plate
II-1) ,and the general plan of the dam proposed in this report (see
Plate IV-1},is considered the most feasible and cconomical layout with
both ‘the init¥al snd ultinate-developments in. view, . As shown on the
geolozicel profiles, Plates II-2 and II.3,.the kighest impervious..
glaclal t111 deposit that extends in depth to the underlying bedrock
occurs on’ the east bank ¢f the-river dnd, therefore, .the splllway,
st111ing Vasiti and mesonry struetures have been located within this
arcs in order to obtain o suitable impervious foundation.- The gate -
cofttrolled outlets have been located in the spillway section which
eliminstes -a geparéto outlet strusture and presénts a functional and

"dompact arrarigement of structures,. Although this .spiliway. location,

hécessifabten considersble excavation for an.spproach and dlscharge

“channely 01}’ material, with the excoption of stripping, can.be utilized
AN tho ‘embalikment ‘séction as notcéd in Appendix.II,  Grevity typo non-

overflow sections extending into the earth émbankment: on either side
of the &pillway have becn uséd in lieu of high retalning walls at- &
substantial saving in cost. An sarth émbankment scction of rolled.

_earth £ill extends to'high gréund én cither sido.of.the splllway, and
“the 1mpervious core cutoff oxtends into-the glacial.till foundation:
with thic exciption of that portion of the ombankmént. between Sta. 28

* 15 and 36 # 907 on tho westerly ¢ide where the till tapors-out. An

- :ingpestion -trench has been provided under the core and provisions made
_for thd ultinmate addition of an impervious blanket’ on  the upstream -

slde thre the cutoff does not contact till betwden the above noted

- ‘stationg.” A relic? woll systom has boen designed for a portion of the

downstream side of the west embankiment in order to relieve the hydro~

spatic hepd due to percolation through the silty sand, Ample borrow
o "suitable, for ‘sonerete aggregates and the pervious £411 and filter
" requirements of the embankmcnt is available within = half mile radius.
"Rock borrow can bo obtained approximabcly three miles from ‘the dam site.

gnsu;tants Oonferunces. During the‘progress of thc design,
two Board of Consultants meétings were held in the Boston District

Office dnd the selcction of structures and fdatures of design wore:
diEcusscd in detatl, © The' first conforence was Held.on 1 September
1944 anﬁ ﬁhe following mcmbers wera preaant: e

1v-1-



| gravity type: of sqction i _1ee’s exp_ensive. i

.4

Mro W!\ Hn MCAlpi
Dr. Arthur Gaaagran

. ":‘Mr»
T Mr.j{
Dr._ Ar

Informal discussions were: held at various times w
McAlpine and Br. Arthur Gaaagrande o‘n Various fea,ture

desxgned. to: withst-a.nd. the eforcas that will bes .appliad.bo.-
1y constrictcd dam;-and is the result of a atudy -of. BEVert
scéctionss - Firsty compnra.tive estimates were nade of.
typo ‘and a-conérete:gravity type of: stricture. whj.ch
The )

‘resistance to slid&ng, on'- -

the approval:.ofithe Board
opinion:that due. to-the:hi

way,- the- construction of o cutoff would iﬁpose
difficultiea.

to the extreme high water resulting from fhe. spilllway '
corresponding maximum tatlwater (see Plate IV-B., Uplift. pressures ,

,.have been detarmined from flow net studies (aee Pla.te 11-13) and are

base and"give's' d héﬁ:"i)mum baéé 'pres‘é'are. Mifhg;th 5
pounds per square foot for. the ungated aection and 5-'.’:&10 ppunds. :p
square fo,ot for the gated section. . The stabxlity analyeis. with t

IVe2
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rosorvolr empty,gives ‘a taximun base produire. sfi8E00. powmds por squarc
foot for 'the ungated section *'and B300 pounds pew gygumzre foot for tho

. ‘gated sdction, which ¥eluos wre ‘judged to be welkiwtthin ther allowable

load limit for the *till foundation.  :The resultadts:.for the gated and
ungated sections.have also beon computed-with ‘earthquakee

'TIoadings cdmbired.with the normel prosdurcs. for thoe:yeservoir full and

empty. - In thig case: the ‘resultant conputed for .tH¢ rederveir ompty
falls within the middic third, and for the reservoir full, falls just

‘outgtde the third point fo¥ both the gated and ungsitved-sections. How-

ever, due t6 the .remotenéss of any possible earthguake-shock to the.
dam in.this location when 'thé reservoir is full, the sectiong were not
incressed to make "the -resultant fall within tho middle third of the "
base with earthquake 1oads gpplied. N . '
_ } . N e

In order to obtain B minimum factor of safoty aga&nst sliding, 1t
was necessary to:incredss the size of ‘the spillway .somewhat in order :to
obtainw greater.vertical comporent of woight. The shearing strengths
of the t1ll used in computing tho redistence to sliding were obtained
from actual laboratory tests-and arc:shown on Plate II-1l. The spill-
way bears dircctly against tho- stilling beeir. slab and therefore the
resigtdnce (to . sliding of tha.first monolith of the stilling basin slab,
submergeds has becn added to:that of the splliway in :computing. the
spillway’ sliding reststance: : The resulting factor of safety ﬂg&iﬁSt
sliding 13 1 51 for both the gated and ungated sections. '

The oﬁtlet conduita have been provided with cast iron Iiners in
the vicinity of the gatos to provent cavitation of the cencrote, Adr

- vents with intakes in tho non~overflow seetion will relieve possible

negative pre&auros ih the 1mmediate viclnity of the gate slots.

At the recqmmendation of the Board of: Gonsultants. e wide cut with
a trench for water colleetton wkll bo provided.on~the vpstreafi ‘sids of

- the spillway during construction. -The.base of. thé épillway has been -

gloped to allow ‘the frec drainage of sy scepage waterwin the founda~
tion prior to the plneing of the base course.éf conusrete. It is aldo
proposed to. place a mat of 12 inches of conerdtd over -the entire founda-
tion arca 6f the spillway as soon as possidble aftor oxcavation to prevent
the foundation materinl from becoming soft and to facilitate the move-
nént . of eqpipment dnring tho placing of the. remaindep 4f ‘tHe concrete.

A femovable section of concrete,as ¢nd1catsd 1n detail on Plate,

"IV-4, has becn proviidéd which will pernit tho ultimate addition ta the

spillway to bo adde& with 8- minimun anouﬁt of chipping.
Thc*spillway has beon divided 1nto 10 monoliths of 30 feet each
and, in accordaide with the .recommenddfions.contained in-the. Enginoering

. Manunl for Civil Works, n¢ keys: havc been provided in the construction.

uxpaneion; or contraction Joints of thc masonry atructures,

. ,
'- “- ‘-'.‘-. . L. . ., , & AN . .
N
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'£u11 height &
spillivway weir: to re‘ba,i.n the em‘o
"indicated that a saving: of:. 8PPTOX
using a concrete .gravity non-overflow: sectio:
-way 1nto the eaﬂh omba.nlment. thu iminati

top. section. B ' sade
jacent to .the apillway { , ‘ity analys;ls 88
shown on Plate IV~5 1g bq.eed on. t‘ -1 kew fx:eache-d during
a spillway design flood and with maxinun tailwater. Uplift pressures
Have been determined from the flow:net: (see Flate 11-18) - and are equal
o the £ull. effectiveaheadrapp1iea $0:100%0f - the-bases - With these

p } 1la 1th&n the?middle third of:the
4.30 poundg;per. square

base. and giv‘e
foot. The compute

of 8’?00 pounda por. aquaro foat’:i: ich.is. 4
The factor of :pafety-againgt sliding '.l.s 1,52 With. the additional

earthquake loads: .applied, the: resulta.nt falls- within the:niddle. third.
of the base for. the reaeﬁ'oir empty -and outeide the middle.third for
the reservolr full. As in- the cage of the spillway. the gection has

not been’ increased.to,bring,the nesultant 'back with:lnw the middle third
- with the reserv Ir fu : .

The conetruction proced.ure‘ or: the .non-ove ign will be.
the same as for the spillway. The bage of the non-overflow gection
hag been sloped to allow the: froe:dralnage of: any  secpage water in the
foundation. prior to:the. placingof tke ona~foot: bage: course. of: cencrete.
and has bYeen divided into menoliths. varying bdetween. 33: foeb.and 38 foet
in-length.. A wide cut .with-a trench for water colleetion: will be, pro-
vided on the upstrean side. and a .ong-foot mat. of -concrete:will -be .
poured for-the- baae ~of~: thér: 89 ¥} :soon as. th'e excavation has been
.completed. 3 ' b Nt

. 8. St 1lin B ain. Slab.-— The stilling ba.sin slab einforced
conerete slab with o one~foot base course of porous concrete founded on
a nat of gercened gravel and sand for-drainage-and the:reduction of
uplift. The design bf the slab: ‘is based on: a slab thickness computed

to withstend the uplift and impact pressures to whigh it-is subjected
with an additional 1ncrement added for cavata.tion ancl spalling.

In order %o red,uce the'up‘ % _ 41114ng 'ba.sin As._
drained by & Be-inch layer: of . sand and: 6—~1nch lwerof séreensd gravel}
founded on 111 en whick a ena~foot:.layer:of poroius-concrete 1s ppured
asa #age for the structural slab. Three perforated tile pipes serving

IvV-4

O



pn

)\"}

as collectors are locatod traneversely at the third innts under the
slab, and are connectod with:the sand and gravel- layer,' The drains
then connect with the wells provided in the retaining walls’ whith in’
turn discharge into the stilling basin thus providing a system for re-
licving any -excegs head, ,.The.gbab’has been: dfvided 1n%o monoliths 30
foot wide and 'which very frem 36.feet<to 46 foet if'lefigth. Conforming

to the opinion. of fthe Board of Gonsultanta. no Weap holes have been

providcd fn the slab._.

;; Stilling Bgsin Walls.n In vicw of the selecﬁion of gravity
concrete non-overflow sections and the faect that estinates showed ap-
proximately equal cost for gravity and counterfort walls, a gravity
conerete section affording greater durdbility weds selected for the
stilling basin walls. :

A passageway leading fron the equipment house to the spilllway was
incorporated into the dosign of the cast-wall for access to the gat¥
operating chambers and adit on the west wall, One monolith of the
east wall is also used as a foundation for the equipment house and is
nore fully discussed in Paragraph g.

- The stability analysis for the wall section, as shown on FPlate
IV-5, is basecd on the lateral pressurc of the earth retained to born
height and normal tail water occurring shortly after a design flood in
which the saturation line would be 9-1/2 fect above normal tail water
in the embankment fill, The uplift pressure used. is based on 100% of
the tail water head applied at the toe and increasing uniformly to
100% of the hydrostatic head at the heel, based on the saturatlon line,
applicd to 100% of the base, Under these conditions, the resultant is
hield within the middle third of the base and the factor of safety
against sliding is 2,26 based on the shearing strength of till obtained
from the curve on Plate II-11,

In order to decrease the uplift and lateral pressure on the spill-
way walls irncediately after drawdown, to allow free drainage of the
ombankment, and to stabilize the foundation imnediatoly after excava-
tion, it is proposed to pour one foot of porous concrete as a base
course for the walls, except at the well sections. The bases of the
walls have been sloped to allow for the drainage of any secpage water
prior to the placement of the porous concrete. The maxinum length of
a, wall nonolith is 45 fuet. -

- &. EBguipnent Houge. The equipment house is COHPOSGd of a super-
structurc nbove bern height and a basement structure located on the
eagt splllway wall. The supcrstructure houses. the standby generators,
switch board, oil punps, tollet facilitles and s workroom equipped
with & nonorall and chain holst for handling heavy equipment, This
structure has a framework of structural steel with reinforced concrete
roof and floor slabs, The side walls are of brick with face brick

1V.5



and partition
pump ; water- : The:p
way to the gate. operating chambers in the eaat stillingebasin wall
enters the basement of the. eqnipment room, .

ings which are ‘integrad with' ths Wall: as showniln
detail on Plate. IV-4,

h, Enbggggent,- ‘The design of the enbanknent is discussed in
detail under Appendix II. e : S
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‘WAR DEPARTMENT ' . : . o o . _ . CORPS OF ENGINEERS, U. 5. ARMY

SPOIL AREAS

! . Portion of Confoocook River belween embankment ana Fowder dill Osm
L shatide ;J(ed in with mararial romavqd under item @) onblatz 126,

:
[

" asdlirected|dy fhe confracting officer.

Arag boundad B the spprosch chonnel and émbankment west of 15
L spiflway willbe used ax & 5poil area, 33 direcled by the confracting
T officer, and shall slope for drainage o5 noted onplen. .

. Ares esst of the approsch snd discharge chonnels will b-e?.ch osa -
B~ "spail sree as dicected by ke confracting of ficer. The spal ares willbe

400 widde starfing a'mimmom of 50" frem fop of slope. :
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" WAR DEP ENT | _ ' - ' CORPS OF ENGINEERS, U.S. ARMY.
' SCHEDULE. OF CONSTRUCTION "‘OPERATIONS

FIRST SEASON o SECOND SEASON
DESCRIPTION OF OPERATIONS 7 A’ﬁg:’;@;’;}"'f DESCRIPTION OF OPERATIONS DS,
Constroef section of embankment befween Excaz= 47,300 @ Complefe Spitlway and Morm Over Flow Conc 13,600
Sta, 20+ 00 and S¥a. 36190, fo FL724.0 Fie = 224,100 Sections.
Construct £ to ELETS, Excavs E7,000 Construct upstream and downsfresm Excave TOO
@ onstroct eost embenkment fo £1.679.5 Fie « 41,000 -+ i e Fiet - 67,200

\ Excavale erea for spifiway, shitling basin,non  |Excavs115,800 o
® overfiow.sections and srfi!/rb_y basinwalls. @) £xcavate diversion channel. : Excav. 18,200

Constroct Spiliway Fo ELETS.5, Non OverFlow Dewater and construct section of
@Secﬁan;foﬂ:&' 79.5,51/ling Bosirn and Stilling  Conc.= 39,2060 embonkment between Sts. /+38 .
Basin Walls complete. FiuL= 13,600 and 5t5.20+00 fo El 724.0, complefe Excave 41,400
east embankment befween Sta I+70 FiLL-43L60D

Excavate approach channel,except o portion  |fxav «I50A400
@ af rivar bonk fo serve 5 Jc:af ferdam. ' and Ste.8¢38.

_@Excavafe spillway dischange channal {Excav,« 140,300

@C‘ons:’n}c)’ downstream ferrace and dike |Excav.~1Zp00 L
. Free = 138,000

- (D Construct Equipment House Lump Sem

Remove upstresm cofferdem, grade sreg #*

@ betwesn approach chennal and foe of dom, ExcaealB5,300
remoyve closure coffeardanr at enfrance
fo approzch channal.

* Removaf of upsiream coffardam amous?s fo 64500 cayds.
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DEFINITE PROJECT REPCRT
_ BENKINGION RESERVOIR -
.WAPPENDIX_V‘Q GON$ERVATION STORAGE
“' . - : )

T General ¢Multinle~nurpose development of the Bennington
site for the purpoaés ot £lood control, nid gelieration of electric
'pOWer at’ the.- slte-de. not feasible due to inﬁufficient undeveloped
head,” ' Thi availeble head for s distance of one and one-half; ,. .
mites dowhstream. from the propoged dam site i's utilized by exlst~
ing hydro-elsetric developments which furnish power to:local .
industries that form :a substantial ‘aconomic: asset of ‘the area.’
However studies sof- the site have 1n3f~a*pd ‘that storagé can be
obtained at relatively.low. cost as andérhﬂwﬁ n’ Paragraph Wy
dopendix I, In view of this, studies were made ‘to Retérmine
whether or not 1% is feasible to provide storage for both flood
control and strean regulabing nurposes a$ the 51te.

b. Stud1es. An insnect1on of the tonographlc maps of hé
reselvoir: area indicates that the. maxlmumreleVatlon of the vater
_sdrface is limited by the thickly sett{led section of Peterboro
-at the upper end of the reservoir., With ‘this in view, the eleva-
tion of the spillway crest for the ultimate installation has been
chosen as elevation 712, At this eleVatlon, a reservoir-capacity
of 90,000 acre~feet can be obbained, of which 40,000 acre-fees
would be for. conservation storage and’ 50 OOO acre-feet for flooa
control purposes, . .

Studies.made ‘for period 1920~19uo 1ndlcate that the-utiliza~
tion of ko, 000 acre-feet of storage at’ Bennington ‘for streanm
regulatlon purposes would provlde a regulated flow over the
driest perlo& of record of 15? Cefese

The ﬂeveloped haad. .of the ex1st1ng power. 1nsta11at10ns be—,
low the Bennington Reservoir total 380 feet of which 210 feet is
on the: Contoocook River and 170 feet on the Merrimack River (see
Plate V-3), . The sites on the Contoocook River consist largely
of mill~type installations which utilize water' power for the -
direct driving of mechanical equipment and which develop & total
of 6,100 H,P, Thosec on the Merrimack River consist mainly of
hydro~electrlc dchlopmentq with a total installed eapacity of
66,000 KW, most of the head developed boing utillzed by clectric
utilltles., The improved stream flow will increase the snnual’
energy output of these hydro-electric plants and will alsc
- angment their peaking capacities, Furthernmore,, -additional water
would be made available at the srall plants-on ‘the Contoocook
River and unsanitary conditionsg along the rlvcrs would be ro-
lieved to some extent, In view of these conslderations, a
minimum regulated discharge of not less than 100 c.f,.s. appears

V.1

.



desirable, A conservative operation for tha sonservation storage
in the reservoir was therefore assumed,  This operation is illus-
trated on the mass diagram for the eritical period of record
(1930-1931) on Plate Veg, :Such operation would increase jhe down-
stroam low water flow at Manchester. from aboubt 1, 000 $0- 1,150

cafess (monthiy miean), raising the prime paaking capacity of the
exlsting - ingtellations on: the: Mer River: ,;about;ﬁa,soo
KM, Thif increase. of prine 'aking capacity, bg i
plants- on the Merrimack River: could further, be dine
Bernington Reservoir. were operated primerily. for: & ‘benef:
of the Merrimack River plants only, . ¥o. appreciahle'increase
in low water flow in the. Gontooccok Rlver could . then be relleu
upon,’ R et

g. Ad&itfonal‘cbnstfuction and Benl. Estate Required for .
Ultimete Increment, _
trol and congervation, if undertaken as o &ec_ ;
* ment  subsequent -bo the-completion of Ahe _loqﬂ ,laRcser—A
voilr, would invelve the ‘acquisition .of 800 acres .of additional -
land and the raising of “1¢H miles and the relocatlng of- 3 -miles
of highways, " ‘In addition, it would be necessary %o acqulre -one
water right, - The prlncipal items of.construction- involved in’
the SeCOndnstagb development would include raising the. cqncrete
splllway weir 7T feet and the: earth embankments and gravity non—
over flow sectlons 6 feet. R ey

”_;pcrewA

"d. Basiy of" Gost Analvﬁis.. Thé -evaluation of power:
benefits to the downstrean. hydro~eléctric power. plants, T o
duced by the operation. of the storagc ‘reservoir to inecrease.
the low water flows, has been.based on the estimatcd-tosts -
for the production of equivalent power by a steam plant loca~
ted at & load center such as Manchester, New Hampshircs . The
 construction cost of ‘such g steam plant s estimated: to be
$102 per KW, and the annual. dosts’, ‘consistingiof. th fixed

charges and allowance for operation and maintenance iy -8stis “;f'
nated 0 be $17,50 per kilowatt per years This amount is the -
value assigned per kilowatt of dependadle prosPective bydro~
clectric. capacity.. The value of énergy. output based on the .
current cost-of coal fuel at lManchester, is estimated at about.
-3 mills per kilowatt houry An allowance of 10& hms bogh made
for lOSSGS in tranSmlssiona :

" e Costs. The estimateﬁ oost of the progectﬂfor dlfferent
storage use and construction stdges are tabulated on: Plate % and
are. summarizod as follows? - - . : S :



Flood Contro) Braject (Spillway Crest at Bl. 705).... $3,886,000..
Tlood Control Project, Designed to Permit Future

RALSINE +vveerrvosrasnsnsamirasnerssionsssnvenvess 4,000,000,
Future Ralsing of Structure and Reservoir.iviveessses 3,531,000.

Total Cost, Multipie—Purpose RESETVOITorenenenncanses $5,531,000.

JIf the multiple-purpose dam and reserveir were dbuilt initially in

" ,one-stage construction, the estimated cost would be $5,317,000.,

. which amount would represent a saving of $214,000 over the. two-
‘gtage constructiqn.: It is tas be noted that the cost of madifying
the flpod contxol: structure to permit future raising is $114%,000.
This added cast, although nonproductive until the structures are
rglsed, represents an-dnvestment, the interest charges on which

‘must be met. The total cost. of pewer storage in the amount of
51,645,000, and the cerresponding andual chatges of $66,97F ‘as -
shown in Table 4, will be subject to an increase tg. providg for
interest which will accrue on the investment ¢f 114,000 re-
guired %o meiify the structures in the initial stage tc previde
for raising. The amouwnt ‘of this intersest is dependent on the
length of time elapsing before the second stage of the nltimate
preject 1s accemplished. . . .

f. Conclusion. The studies of the benefits te be derived ’
from a multiple-purpsse, reservair as shown on Table A fully
Justify secend-stage censtruction. The ratio of annuel benefiis
to carrying charges. for stream regulation sterage is 1.12 uti-
lTizing all exist¥ing power heads dewhstream and 1.32 wtilizing =~
2ll existing and potential power heads downsiream. No value
"has Been claimed far the sanikary and reorsational benefits
- that weuld accrue from the operation of the mwltiple-purpose,

project. . i . . . . e
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TABIZ A,
- GOST mmszs b gm) smms comsmucmoui- S
ermemon RESERVOIR

P

FOR FLOOD GONTBDL AYND POWER STORAGE

A
1. Regervoir Data , o
Top of Dam T e w0 Rajged from Bl 72N to EL, T30
Spiliway - S "*“_Rnisbd fron El. 705 to B1, 712
Storage_ Capaclty R . Gross
- Tlood"Control - R 50 OOO A-F. REE R 5,00 ,
GOﬁSGrV&tlon . ] . o ‘ T lFO OOO AOFO ’ : ’ ]_i_.oﬂ
Dead Storage . '1 R “Pondage to El. bTS -
Total Storage: - -~ - 90,000- A.F' c o g.0"
2, Estimatod Cost of 2nd Stage Construction - Coy e
{incl. Overhoad and GOntingencies) :
Dam, Spillway nd: Outlets $ 1&22 000.;7 :
Reservolr Glearing S 375.000¢-"’
Lmn& ahd nghtSwodeaJ. iqcl.'- S
Road Relocations - __135199_ i
2a. Total Estimated Cost of 2nd- v P
Stage Construction $1, 531,000. S B
2b. Modification of Flood Control
' Structure to Pernlt Ra131ng of o
Dam = - $ 11u ooo¢ L
Annurk Carrylnb Gharges of - e
Items 22, and - 2b o 66 977.1--:.-'.:»—'% _ X _
—— _ et R T s
: Heqd “oie e o Cost per
Utjlized. . Total Output . KW Hrs,
_ Cl g in Feet .+ . in K¥ Hrs, . in Mills
3.~ Cost per KWH From Storage ' ' '
with annual carrJlng charges
by using: _ g A .
Existing Head below Reservoir - 380 ft, - 9,800,000 £.8
Bxisting and Potential Head . : ’
below Reservoir : : 554 £, - 14,300,000 4,7

Y., Annual Power Bencfits Downstream
{with 80% Wateor Utilization) s
Inercase in prime peaking capacity 2,600 KW @ $17,50 $ 45,500,
Inerease in average annual output :

At existing developed hoad 9,800,000 KVHS @ 3 Hills. 29,400,

At existing nnd potential head 1”,300 ooo ‘f 3 Milis © 42,900,

5a. Total Annual Power Bonefits with Ex1sting Devclopments $ 74,900,
5b. Total Annual Power Bonefits with Existlng and :

Potential Developments 88,400,

Ratlio: Benefits to Costs for z, with oxisting dévelopments 1,12
. b, with existing and potential
~devolopments 1l.32

Vol



CORPS OF ENGIN&ERS Us. ARMY N

WAR DEPARTMENT

COMBINED FLOOD CONTROL & CONSERVATION IN 2 STAGES COMB!NED EC.& CONSEF{ IN 1 STAGE
PLAN I PLAN 2 _PLAN 2A PLAN 3 .. .
FLOOD CONTRGL ONLY ENITIAii, STAGE - FLOOD CONTROL INCREMENT FOR COMBINED FLOQD CONTROL & CONSERVATION
f/emﬁonjp///my Crest --- Llevation Top of Dam | 7050 7240 7050 ' 7240 TIE0 730.0 7¢2.0 730.0
Tortal Storage Capacily 60000 A.F -Gross 6", Net 5.8" 60000 A.F Gro.f; 6" Ner 8.8" 90000 AF Gross 9./" Mer /32 80,000 A.F Gm_r.s“_‘?/ "Net 132"
Flood Contro/ Sforage 60000 AF 60, a&d AF : SO000AF 300004 F
| Comservaltion Srerage . S - S F0,000AF To Llev. €99.5 40,000 AF 7o Lley 499.5 ) _
| Quantity Wnrt W5t Cost Qucn?‘/‘/‘y Vunit (Ucost]  Cost Quaniity (Unit E«’j(aj‘f Cast Quantity |Unit |U.Cost ‘Cosz“
Land and /mproyemem".f — Ul — | L3 | P2 0,500 e Po— | LS #240500 — — | LS5 *s53.000 — — [ L5 %3 93,500
Ripariam and Warer K1ghts — | L5 20,000 - — | L5 20,000 — — | L5 /2,000 — — | LS 32 000
I Relocatiorn of fe/ep/wne ama’ poner lires ! L | ‘
| - a/s50 /wg/may — - | ﬁ. 655,000 | — — i.;‘ 655,000 - - LS| 415,000 — — z..ss_. ! /070000
. - s 25 é,QQD; J — N : Wﬁﬁﬁ 000 , - S Y A 2:5'6 [8]¢]0]
RESERVOIR COSTS 506 Fotal ' ; £1,/71,500 Lo W/ /171,500 < iﬁqooa ¥1,751,500
Contingencies —/5 %o ! ! wimgmi; B | y75 725 3 87,000 ] 262725 |
o | | 7 347,225 I ) 397,225 %667,000 2 014225
Acgursition experrses - [0 %o ' /34 775 = | /34 775 557 000 . 201 775
| _TOTAL RESERVOIR COSTS %1 482,000 % 48 2 000 L f73ado00| 42,216,000
Removal of €xisting structures —- - ﬁ S 1T #2000 — — | L3 - 2000 — i — - — 145 1 #2000
Stregm diversion & pumping — — .5 46,0006 -— LS 40,000 o | Il s Fa — R 4 N -40 oco0
Clesring & 9rubbmg 90 | Ao F300% 27000 90| Ac. F3w» 27000 /4 Bec. T300% 4200 j02 | Ac. ¥300°% 30600
Stripping 167,000, Cy | 050 83,500 168000 CY. | 050 | 84,000 27500 | CY. | 050 13,750 194500 cY | 0s0] 97,250
Excavation 484, 5’00‘/ cYy. | 040 193 800 . 480, 000 LY L os0 194,.400 5000 cY. | 040 3600 492,500 cY | 040 (97,000
Baorrow — Impervious /42, 40() cy | 055 78,320 | /635, pOO - CY | 055 90,750 3000 | CY. | 065 40,950 224000 | cy | 055V 123,200
- - Pervious 3536007 CY | 0.50 /76,600 350, ,PO0 | CY. | 850 | /7.5 000 96400 | CY | 060 57840 438000 | CY. | 0501 279000
- Randorm 18,1007 Cy. | 050 59050 110,000 | CY. | 0.50 55,000 164000 | CY. | 055 s5550 | 218,000 | CY | 050 709000 |
— Rock 200004k CY | 490 . 850,000 | 20, 000 | Cy | 49° 86,000 — —_— - e 3500 | CY | 4} t4,000 ' L o
-.ff’o//ed Fill - [mpervious 129,000 CY | 0145 /9,350 E /48 D00 | CY | 0I5 ‘22,200.7 483500 | CY. | 025 /12125 ;96 000 | CY. | 045 29,400 | ¥ Cost per Acre Foot /s
ST v = Pervious 208000 CY | 012 24,960 | 200000 CY. | O£ 24000 FL500 | CY. | 047 7055 2495_00 cy | oiz{  Z3940 based o 30000 Acre Feet
‘ : n — Random 203000 | CY. | 04z, 24,360 | /25000 | CY. | 0.2 23400 43500 | CY. | Q7 6885 235500 | ¢Y | 0421 28260 CF Ineressed Storece.
II (a) " = Semi-compacted 177000 0 CY 010 Lo 17,300 177, 500 by | 010 17,750 37000 | CY O./5 5550 2/3,000 | (Y | 00" 2/; 1300 I : 9 o
- _ - ﬁfruc:?‘w;‘ bac#r/ I;f// y /8500 | ¢y | 060!  1/,100 /5 3000 cY | ce0 /4,100 — ] : ' 18,500 | CY. | 060 lf /100 ‘
_ ~ | Screene rave/ backin L 30,000 CY | 29 L0 000 59 £00 ¢ CY | 290 58,000 6,000 | C¥ 225 13 500 3,000 | CY | 2°¢9i -62 000
CONSTRUCTION COSTS | e orares 480001 Cy. | 130] <0400 | 48000 | Cy | 130 | G240 9500 | cy | (50| j4250 | 7000 | CY. | 1.30] = 74,100
Grave/ facing 85001 CY. | 125 10,625 8,500 | CY | .25 10,625 8800 | CY. | 150 /3,200 8800 | CY | L25% 11,000
Dumped riprap 86,500 CY | 060 51,900 85,500 | CY- | 6.60 51,300 /3300 | CY. | 060 7 980 90,500 | CY. | 060 54,300
Derrick stone 5000 | CY | &°° 25,000 5,000 | CY. | 87¢ 25000 —_— ] — 5000 | CY. | 500 25000
Road surfacing 2700 Sy | 030 810 2700 | 5Y. | 030 &to — — — 2700 | SY. | 0.30 ‘ai0 SR
Concrefe ~Spiltway, S+l Basin FNon-overl{on 40000 | CY 113.5D] 540000 45000 | CY. | [350 GO7 500 2700 | CY. | f6~° 43,200 47500 | CY. | /350 &41,250 Gro 55‘ 186.sg mi
o = Stilling Basin quide walls 7,800 | CY [1599| /7,000 7800 | Cy | i500| [/7,000 | — | = — . 7800 | CY | /500 7(7.000 | Dr 5/’759“3’ ares /vef 128 5q mi
Reinforcing slee/ 476,000 . Lb . 06| 28560 595000 | Lb | 006 35,700 58,000 | Lb | 006 3540 | 45000 (b | 006| 38,700
Well system — LS 24,000 }’ — LS 24000 . — ] — — — | LS| 24,000
£ gwpmenf house & Opersfors ¢uarfer5 — — | L5 | 25000 — — | LS 25,000 e — 1 — — — ~= | LS. z_l; 000
rMisc. mmelals, Trash bars, Emerg.gates gi"/’"/”onora"f/ — - 1 L5 /.,3, Qo0 — — | LS - /3000 e ~ 1 LS. 4,100 — — 1 LS5 15, ‘100
Gares and Hoists — — | LS G0 600 — — | L5 60000 S —_— - — e - LS & O 000
Lighting & Fower system — — | LS | /5000 — — 1 LS 15,000 — — — — — | LS 15 ‘000
orf pressure &“}/r:i"pm & Mise. egur ipment e e L5 10000 — - L5 /0,000 i e —— e - —— ) /() 0(70
Removing & ¢leaning concréte e — ! — — — — = — R — L5 15,000 — — =
Mmcez’/aneoa.s ctems — LS 38265 bl — | 48065 S—— — LS 14,925 — — L 45 .5".5“{:99_
- Sub rotal ¥/, 920,000 — — 7201 1,000 ¥ 337,200 | ¥2181,000 e _ -
Eng'r,inspection, Over head (0nf1n9€n¢/es(2596, 480,000 | —i i g 203000 84,800 544 000 MERRIMACK VALLEY
. DAL SCONSTRUCTION EOATS ¥ 2,400,000 e DO R t 2,514,000 i 222000 Y2726000 FLOOD CONTROL -
_ > . - T ! ' :
o (&) Flood Control — LS 3,000 L 5 3,000 — o | - -
: Conservarion o T i - S g — [ 2.5 1% 300,000 'f300 foTels) BENNINGTON DAM
RESERVOIR CLEARING Sub Tots/ . * 3000 * 2000 + 300,000 7 300000 CONTOOCOCK RIVER |
Engr.Inspectionfverhead § Contingencies(E5 1,000 . 4000 75‘ 000 /5 0a0 | ‘ ‘
OTAL,PRESERV{_’){R CLEﬁRENb 7 5% . L F4000 | * 4000 | 2 3754000 o 375000 | DETAILED COST ESTIMATES
TOTAL ESTIMATED COST 7 73 886000 | L v’%@gq 000, « #,} 537,000 J;; 3/7.000 [jUS. ENGINEER OFFICE,BOSTON,MASS,
COST PER ACRE FCOT Leag 7 1 oo o7 ' ‘fjf.aj -f55.08 : FILE NOMIZ-13/52 APRIL 1945
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Nofes:«
I Oroinsge gres af Benningtfon dem site: 186 sguare miks.

2 Monfhly unit flows vsed are averages of thase recorded
of fhe USG5 goging skafions af-
- Penacook, NF (766 Sguare miles)
Blockwater, N H (/34 Spoare mikes.)
Antrumn, MH {54.8 Square mriey

3, The mass diagrem shown represenls arénage monthly streem
Flow 2f the dom sife with deduction of expparatian and seepeye
losses.

& These doto apply Fo.o combined development of Hhe sife for Hood
confroi and conservation:
Usable consérvolon stordge- 40000 A F-ELGTE o1 GO5,
Flood canfro! sForege - 50 000A F-EIGI35 fo bl TIE.

5. Aules Corve For qoerotion of ho reservoir is
Wustrefed ar moess diagrarm for crifical period.

MERRIMACK VALLEY FLOCD CONTROL
BENNINGTON  RESERVOIR

CONTOOCOOK  RIVER
FILOW DATA :
CONSERVATION STORAGE
U. 5. ENGINEER OFFICE. BOSTON, MASS. _ , 18 APRIL 1945
APPROYAL, ;:-C:)Ilmm APPFROVED: .

; [17]
S 160
120
o
MASS DIAGRAM P By -1
! !2R : efef}’?lf L4 —-\J .
GRITICAL_PERIOD by 039 y
. wg s 2050,
/ o 4 1
003 1000, 7
/it g; 7 /
: OW-N 0 Z 8 2000, ‘ /
[ : . §Q /
Roies Corva for f T n + 0 E =9
aperetion of 1he zN / /
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'v_relocatlon atb _the dam site would be approximatoiy $918 OOO

DEFINITE PROSECH moam
" BENNINGTON * RESERVOIR |

L. P

APPENDIX VI - RELOGATIONS

Ay Railroads ~-At th@ prasent time. a braneh 1dne of the ‘Boston &
Maine Railroad is located within. the proposed resﬁrvoir basin, as shown
on Plates VI~1 and VI-2, accompanying this appendix. This 1ine, orlg-
inating at Nashua, Now Hampshire, runs through the resarvoir area from
Greenfield to Blmwood to Bennington, and then extends as far as Hills-
boro,  This branch.previously looped around and connected. at Gontoocook,
N. H,, with the main line oxtending ‘frouw Clarement Junction' to Concord.
A portion of. the loop batween West' Henniker and HilXlsboro, N. H,, was
washed cut during thq 1936 Flood and never. repaired Tharefore; those
towns from: West Hennikﬁr north are now serviced by that portion of the
leop that ties into.the main line at Gontoocook N, H/ The ‘genoral
arrangement of theso railroad lines is shown on the mgp of Boston and
liaine Services and Connections, Plate VI-2, e S

A numher of layouts haye becn made in conjanction with the ..
Boston & Maine Railroad and.estimates. propared for reIocating that |
portion of the .road, GreenfieidrElmwoo&—Bennington, ‘which would be
wlthin the. inundated areas, upstream from. the propoaed dam,- The |

possible relocations that were studied diﬁ not prove satisfactory‘toj

the Boston & Maine Railroad as the minimum grade that could be ob-
tained was too steep and- furthermore the cost estimates of the pro-
posed - relocations ware prohibitive due to the fact .that a bridgo and
considerable f111 in order to .obtain o minimun’ grade would be required
1% has been estimated by the Boston & Mainc. Railroad that the cost of

]

As an- alternato to its. melocation, 1t has been prqposed to have
tho railroad abandon the line from Greenfield through Elmwood to .
Bennlngton and ‘to rehabilitate the Iine botwqen Wost Henniker and =
Hillsboro which was destroyed in 1936 as Indicated above, +In this
way, servicc would be continued to all of those lécalities how served
by the railroad, Representatives of the railread have informally
agreed to this plan, although the rail distance from, Boston to
Bennington will be about 35 miles groator f$han over the present lines,
It is estimated.that the cost of accompllshing the above noted re-—.
habllitation, and the.cost. of removal of the. axisting line within
the. reservoir aren.le $256,000 . o .

The method of railroad abandonment and rolocation is subject to
tha apprcval of. thc Inberstate Commerce . Gommission,;.HOWQver, the .
matter. has not yet been referred to the qumisaion, and thereforc ng.
1nformation can be. furnished as to its Qpinmon on. the abovc,proposal

By
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_ The railroad lines. ehewnopn Plates VI-l and VIi-2, extending from
Elmwood south to Petefhet 14 1 Timwood west toward Keene have
been abandoned, and the oniy expense to k1 e*Government in acquiring
the right-of«way would be the cost of the land;

b, Highﬂays and Roads.~ There 18 one main htghway and gome
eecondary roads’ that will be a&ffeqtsd by conbtrbctiohivl the PrOPOSGd
reservolir” ‘and: that will Fequiféirelacation or- ‘relaing These Toads :
and the proposed relooaﬁione*are 1nd1caﬁed=on %he map accompanying
thie appendix Plaxe VIul. - o v

of Nahors and for a dietance ef"l 5 milé«immedia& ol R
“the dam site, It 14’ prOpoeed to reloeaxe ‘these' portioh: _f.the high~
way on ‘high ground’ ab0ve ‘slevation: 715 ‘on the westerly side of ther-
reservoir so that no fiarther: raieing would be required for the pro~
posed ultimate development, = = : et LT

, The exlsting steel ‘and: concrete-bri& a..0n :Route .202 at. North :
Village' was recently reconstructed: and ig ondition, - .
This bridge has sufficient ‘clearatce for therf o0 age of. the: inz—'
tial development ‘ahd ' no’ alterations are. reQuired ‘untilssuch time as'.
the ultimate development is undertaken.‘?;‘= oo e

1 The present Sooond ¢lass- surfaceutreeted highway on the easterly
dide of the dam site must be: reloeaxed whare: it paeees throngh the -
proposed dan 41 te g0 where_it would “beinundeted “inmsdistely

‘upstream- from ‘the™ dam.;--" ' ropoeed “to'relocate thetportien -8t the
dam site -on’high grotmd to the Sast of its presenﬁ stte, o Thel emainder
of this road skirting the reeervoir would be raised to slevation 708,
wheré requiréd, for the initial’ dovelopment, Those:portions: of. the
road that would ‘be inundated after constriction of:the  ultimate stage
would be raised to eleva$1on 715 or relocated‘at the tlme of the ul-
timate construction.’f ‘v‘ S R o -

" The road from Greenfield to Hancock BTO88Es: directly through
the reservoir bvasin and is ‘a narrsv: gravel woad,: Ta.order to ralse
‘this road above the: flood ‘stage, “congiderable £111 ‘would: be required.
and- the ex1st1ng wooden covered bridge would require raising ‘and new.
abutments, The- amount of traffic now" ‘uging ‘this. ‘Toad doed mot war- .
rant the expenditure of large funds to raise it above the high water
level. Therefore, it is proposed to raise the road and bridge to
olevation 695 withln the proposed reservoir basin, 'so - ‘as to. maintain
uninterrupted Yraffic during the periods of Migh water other than ex-
treme- high flodd stages, -and when “the' &ltimate project is: undertaken:
- $0 relocate the road to elevation 715 on Hhe High -ground-just: ‘down-
stream from its present site, and construet a new bridge over the.river,

Vi-2
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-1t ks not proposed .to.:raise the. exlstlng river crossing .of the
seoondary road. snd bridge- 1, 5 miles north of Nahors as traffic can
st11l-usexthis read under normal oonditions, and uge’ the per1pheﬁal '
roads duringfhigh water stages.. L e

The Ghlef Engineer Qf the Highway Department State of New
Hampshire, .has been consulted and has agreed that “the. relocations
propoesed are a rgaoopable .golition for raiéing and relocating’ the o
network of- roads affected by conatructlon of the proposed dam. -
P Gemeteries,v Thore are no; cemeteries withln the proposed .
reservolr. -basin of. either the initial or ultimate’ developments, How:_'
gver, there are two locations at which “there 147 evidence ﬁhat the
areas might have been used as private buryihg grounds.

é;- Pipe and Water Sapply Lines.~ There are no maaor pipe or

water supply lines within the area of the proposed reservoir basin S

of either the 1nitial er. ultlmate developments.Tn?i 3

P

'e. PowerLATelgphone apd Telegxaph L1nes - There is a trunk

telephone line passing through the reservoir aréa that will requlre i

relecating, There are also telephone, telegraph and power lines.
within the area that. provide local service only, “and. which in e

general, will no.longer;be. needed when.;he reservoir 1s constructed
Fo high tens1on transmission lines exist within the proposed reser—

voir area of. oither the inltlal or: ultlmdte develqpments., .

f. Water R}gpts - In the 1nit1a1 flood control development
there will be four. water xights affected, by ‘construction of the.
resorvoir, These are: the rights oonnectod with the’ developments .
at the Powder Mili Dam, located just southorly of the site of the' "
proposed dam, tho Bell Dam, situated at North Village, the Simonds
Dam located northmesterly of Happy Valley, and a dam on Ferguson
Brook that is used to develop power for a small saw mill, In the
ultimate development, the Transeript Dam at Peterboro will also .
be affected,

'y

The mejor one of these rights is the Powder Mill Dan which is
owged and operated by the Monadnock Paper Mills, Bennington, N. H.,

-and is located approximately 800 feet upstream from the proposed

flood control dam, This dam provides storage water for the commer—
¢ial manufacture of paper and generation of power by the paper mill
which is located in the village of Benaington., Several conferences
have been held with the owner of the Monadnock Paper Mills on the
construction of the proposed reservoir which will inundate the
Powder Mill Dam, The owner has consented in writing to the loca-
tion of the proposed dam, provided that the Government will assure
him the same amount of water gtorage as he now controls with the

VIe3 -
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Powder Mill Da.m, fcr his use ai‘ter onstruc‘bio'n
dem and proviged that water e r el
that will méeet the require!nents ot" the :
further stipulated that he would hold thé Goverhment-.;‘liable for any
loss of power pr cu.rmlment An, manufa.cmre as a result of the con-

o The ' t" congen: he ‘:plu'chase of

?the £100d78hbrol

t- - LMo’
in the use of water 18 the short"périod"of time dGrinz the construcs .
tion of the cofferd@ms and, the opening ap of ‘the diveraion channel.
S in iy oY ides £

as to 1ts acquisi ﬁion _c.o"' t-‘ware_taiton from' -‘*the f"Repo:ﬁ"‘!:' - Rea.l Eéh%ate '
Cost, Bennington Reservo Ty NUH t" dated 21" April 19’45, prepared by
the Divi sion Engineer New England. Div:.sion. ,

\
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